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CHAPTEE I. 

1. Origin of the term. — 2. Simple mioroscopes are magnifying glasses. — 
8. Compound microscope. — 4. Objeot-glass and eye-glass. — 6. General 
description of tbe instrument. — 6. Uses of the field-glass.— 7. Reflect- 
Lardnbb*s Musbux or Soisrcs. b 1 
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iog rnimaoopes. — 8. Oonditioiis of distiiiet rision in the mioroseope.---> 
9, Effects of different magm^ring powers, — 1<K JDdetinpto^ of deline* 
atlon neoesssxy. — ^11. Hence aberration must be Achro- 

matic object-lenses. — 18. Sufficient iUnminatibn n^ssi^. — 14. 
Effects of angular j^erture.*— 15. Bzperimehts of Dr. GK>ring. — ^16. 
Method of determining the angular aperture. — 17. Mutual cl^omatic 
and spherical correction of the lenses; 

1, The microscope is an optical instrument by means of which 
we are enabled to see objects or the parts of objects too minute to 
be seen distinctly with ^e naked eye, the name being taken from 
two Greek words, /utepby (mikron), a little thing, and (fKoriia 
(skopeo), I look aU 

2. In a certain sense, all magnifying-glasses may be regarded as 
microscopes, but the slightly convex lenses, used by weak-sighted 
persons, cannot with any propriety be so denominated. The 
higher magnifying lenses, however, used by watchmakers, 
jewellers, miniature painters, and others, may with less impro- 
priety receive the name ; and the small lenses of short focus and 
high power described in our Tract on “Magnifying Glasses,” 
especially when they have the form of doublets, and are mounted 
to serve anatomical purposes, and for microscopic delineations, are 
generally designated simple microscopes. Since, however, they 
differ in no respect in their optical principle from common magni- 
fiers, we have considered it more convenient to explain them 
under that head, limiting therefore the subject of the present 
Tract to those optical combinations which are generally called 
COMPOUND MICROSCOPES. 

3. Such an instrument, in its most simple form, consists of a 
magnifying lens or combination of lenses, by means of which an 
enlarg^ optical image of a minute object is produced, and a 
magnifying lens, or combination of lenses, by which such image is 
viewed, as an object would be by a simple microscope. 

4. The former is called the object-glass, or objective, since 
it is always directed immediately to the object, which is placed 
very near to it ; and the latter the eye-glass, or eye-piece, inas- 
much as the eye of the observer is applied to it, to view the 
magnified image of the object. 

5. Such a combination will be more clearly understood by 
reference to fig. 1, where o is the object, ll the object-glass, and 
E E the eye-glass. 

The object-glass, l L, is a lens of very short focal length, and 
the object o is placed in its axis, a very little beyond its focus, 
jkocording to what has been explained in our Tract upon “ Optical 
Images,” 31 et seq, an image o o, of o, will be produced at a dis- 
tauee from the object-glass l l, much greater than the distance of 
2 
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0 from it : tliis image will be inverted with relation to the object ; 
its top oorresponding with the bottom, and its right with the left 
side of the object, and vice tered : the linear magnitude of this 
image will be greater than that of the object, in the proporlaon of 
o L to o L, and oonsequmitty its superficial magnitu^ will be 
greater than that of the object, in the proportion of the squares of 
these lines. 

The image o o, thus formed, may be considered as an object 
viewed by the observer, through the magnifying glass £ £, and 
all that has been explained, relating to the effect of such a lens, in 
our Tracts on “ Magnifying Glasses” and “ Optical Images,” will 
be applicable in this case. The observer will adjust the eye-glass 


Fig. 1. 



£ £, at such a distance from o o, as will enable him to see the 
image most distinctly, and the impression produced upon his sense 
of vision will be that the image he looks at, is at ^at distance 
from his eye, at which he would see such an object most dis- 
tinctly without the interposition of any magnifying lens; let 
this distance be that of a similar image o' o', and the impression 
will be that the object he beholds has the magnitude o' o'. 

The distance of most distinct vision with the naked eye, and 
the distance from the image at which the eye-glass must be 
placed to produce distinct vision, both vary for different eyes, but 
they vary almost exactly in the same proportion, so that the 
magnifying effect of the eye-glass upon the image o o, will be the 
same, whether the observer be long-sighted or short-sighted ; in 
estimating the magnifying power, therefore, of such a combina- 
tion, we may consider, in all cases, the distance of the eye-glass 
^ E £ from the image o o, to be equal to its focal length, and the 
distance of o' o' from the eye-glass, to be 10 inches. (See 

Magnifying Glasses,” 8.) 

To estimate the entire amplifying effect of such a microscope, we 
hive only to multiply the magnifying power of the object-glass 
by that of the eye-gUss ; thus, for example, if the distance of the 
image o o from the object-glass bo 10 times as great as the 
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di«tea 80 liie obj^iet from it, IIm lisaar dinMasioiu of the image 
0 . 0 tiines greater than those of the olrfeot ; and if the 
foeal leagth of the e 3 re-gla 8 S be ^ an iaoh, the dUtanoe of most 
diatiaet rmoia being 10 inohes, tl)« linear ^mensions of o' o' will 
be 20 times those of o o, and therefore 200 times those of the 
olgeot ; the linear magn^^ing power would in that case be 200, 
and consequently the supe^oial magnifying power 40000. 

It would seem therefore, theoretically, that there would be no 
limit to the magnifying power of such a combination ; practically, 
however, there are circumstances which do impose a limit upon it. 
It must be remembered that the object must dways be placed at 
a distance from the oljeot-glass, greater than the focal length 
of the latter, the magnifying power of the object-glass depend- 
ing on the number of times this distanoo is multiplied, to make up 
the distance of the image o o from l. l ; if a very great magnifying 
power be required, the latter distance must be a proportionally 
great multiple of the former, and as the ^e-giass must be farther 
from the olijeot-glass than the image, w instrument might be 
increased to unmanageable dimensions. 

There is therefore a praoHoal limit to the increase of the ampli- 
fying power of the instrument by the increase of the distance of 
image o o from the object-glass, and consequently it can only 
be augmented by the decrease of the focal length of the object- 
glass, combined with a corresponding dein^ase of that of the eye- 
glass. By such means, the distance of o from L l will be con- 
tained a great number of times in o l, while the latter has not 
objectionable length, and the distance of the eye-glass from the 
image o o will be contained a great number of times in the 
distwoe of most distinct vision. 

The eye and object glasses are usually mounted at the distance 
of 10 or 12 inches asunder, adjustments nevertiieless being pro- 
vided, by whicli their mutual distance can be varied within 
eortain limits. 

6. A convex lens is generally interposed between the object- 
glass and eye-glass, which receiving the rays diverging from the 
former, before they form an image, has the efEect of contracting 
tbe dimensions of the image, and at the some time increasing its 
Ivightnese. The effect of such an intermediate lens will be 
imder^Mod by reference to fig. 2, where F f is the intermediate 
lens. T£ this lens f f were not interposed, the object-glass l l 
would form an image of the object o at o o ; but this image being 
too large to be seen at once with any eye-glass, a certain portion 
of its eenfrsl port would <mly be visible. The lens f f, however, 
meiving the rays before they arrive at the image o o, gives them 
increased oonvergeiiee, and causes them to produce a smaller 
4 
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image o* at a lesa distance from the oljeot-glass i. l. The 
dimensions of this image are so small, that every part of it can be 
seen at once with the eye«glas8. 

The portion of the image which can be seen at once with the 
eye-glass, is called the field of view of the miorosoope. 

It is evident from what has been stated, that the effect of the 

Pig. 2. 
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lens F F is to increase the field of view, since by its means the 
entire image of the object can be seen, while without its inter- 
position the central parts only would be visible. 

The lens ff has, from this circumstance, been called the 

FIELD-LENS. 

But the increase of the field is not the only effect of this 
arrangement. 

The light which would have been diffused over the surface of 
the larger image o o, is now collected upon that of the smaller 
image o' o' ; and the brightness, therefore, will be increased in the 
same proportion as the surface of o o is greater than the surface of 
0 ^ o', that is, in the proportion of the square of o o to the square 
of o' o'. 

Another effect of the field-lens is to diminish the 
microscope, for the eye-glass, instead of being placed fiad 
distance from o o, is now placed at the same distance frm ff ff. 

7. In this brief exposition of the general principle of the micro- 
scope, the image, which is the immediate subject of observation, 
is supposed to be produced by a convex lens ; such an image, 
however, may also be produced by a concave reflector, and being 
so produced may be viewed with an eye-glass, exactly in the same 
manner as when produced by a convex lens. 

Microscopes have accordingly been constructed upon this 
principle, and are distinguiBhed as beflectino micboscofes; 
those in which the image is produced by a lens being called 
BEFBXCTINe HICBOSCOFES. 

The principle of a reflecting microscope will be understood by 
reference to fig, 3, where L l is the concave reflector, of which o 
is the centre ; the object o is placed towards the reflector, at a 

3 * 
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distance from c greater dian half the radios, and an inverted 
image of it is formed at o o, which, as in case of the refracting 

miorosoope, is looked at with an eye-gla^ ±. . 

The great improvemente vdiioh have taken piaoe within the last 
twenty years in the formation of the object-glasses of refracting 
microscopes, have rendered these so very superior to reflecting 

Fig. 3, 



microscopes, that the latter class of instruments having fallen so 
completely into disuse, it will not be necessary here to notice 
them further. 

In what has been explained, the general principle only of the 
microscope has been developed ; many important circumstanoes of 
detail upon which its efficiency mainly depends must now be 
noticed. 

8. The conditions which render the vision of an object with the 
microscope clear and distinct are essentially the same as those 
which determine the clearness and distinctness of our perception 
of an object with the naked eye. It will be found, by reference 
to our Tract upon ** the Eye,” that these conditions are three : — 

1. That the visual angle should be sufficiently large; 

2. That the outlines and lineaments of the object should be 
sufficiently distinct ; and 

3. That the object should be sufficiently illuminated. 

It is evident that if any one of these conditions fail to be ful- 
fllled, our visual perception of the object will be defective. If 
the object, for example, be exceedingly minute, though it be 
perfectly delineated and strongly illuminated, it will be either 
^together invisible, or will appear as a mere speck. 

If its outlinea and lineaments be ill-defined, as when a tree or 
otihcr object is seen through a mist, our perception of it will also 
be defective ; and in fine, though it have sufficient magnitude and 
be perfrotly delineated, we may fail to see it distinctly for want 

cidEeient light upon it, as when we look at ol]jeots towards the 
doceoftwiliib^ 
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CONDITIONS OF EFFICIENCY. 


T]>e object which is submitted to our sense of vision with the 
microscope, being the optical image produced by the object-glass, 
OUT perception of it can only be clear and distinct, provided the 
three conditions above stated are fulfilled, that is, provided it be 
viewed under a suficient visual angle, that its outline and 
lineaments be shown with perfect distinctness, and that it bo 
sufficiently illuminated. 

The conditions, therefore, upon which the efficiency of the 
microscope must depend will necessarily be those wUch will 
confer upon the image, submitted to the observer, the qualities 
above stated. 

The optical conditions which determine the visual angle or 
apparent magnitude of the image, as viewed with the eye-glass, 
have been already explained ; and it is evident that these con- 
ditions can always be fulfilled, provided object-glasses and eye- 
glasses of sufficiently short focus can be produced. Speaking 
• generally, the magnifying power of the object-glass will be limited 
by the proportion which the length of the microscope will bear to 
its focal length ; and the magnifying power of the eye-glass will 
be limited only by its power of approaching sufficiently close to 
the image, without too much contracting the field of view. 

If the purpose of the observer were merely to see the object as 
a whole, so as to obtain a perfectly accurate notion of its outlines, 
a moderate magnifying power would, in general, suffice. But in 
most microscopic researches it is desired to ascertain, not merely 
the general outlines of the object, but the far more minute linea- 
ments of its structure ; and to render these visible in the minuter 
class of objects, amplifying powers of a very high order are 
indispensable. 

9. The powers, indeed, which exhibit to the observer the 
general outline of an object, are rarely sufficient to show the 
minute lineaments of its structure. To perceive the general 
outline, it is necessary that the entire object should be included 
at once within the field of view, and this could not be the case, 
if the magnifying power exceeded a moderate limit. The power, 
on the other hand, which is sufficiently great to show the most 
minute parts of the structure, would necessarily be so great that 
a very small part only of the entire object would be comprised in 
Ihe field of view. 

From these circumstances it will be readily understood, that 
each class of powers have their peculiar uses, neither superseding 
the other ; when we desire to observe the general form of a micro- 
^opc object, we must view it with a low power. When we 
desire, on the other hand, to examine its parts, and if, for example, 
it be an animalcule, to observe it meml^r by membw, and organ 
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by organ, we most call to our aid the higher olaM of power. In 
iine, a oottplete iniorosoopio analysis of an individual object will 
require that it should view^ sueoessirely witii a series of 
gr^iially increasing powers. 

10, But magnifying powers, to whatever extent they may be 
carried^ will be of no avail if the image produced by the object-glass 
be not perfectly distinct and well defined ; and it will be evident 
upon the slightest consideratbn, that any minute imperfectionB 
v^ich may exist in its delineation, will be rendered more and 
more glaring and intolerable, the higher the magnifying power 
under which it is viewed. 

With a common magnifying glass, or simple miorosoope, we 
/view the object itself, and are subject to no oilier optical imper- 
fections in our perception of it, than such as may arise from the 
imperfection of the lenses through which we view it ; and sinoe 
with such instruments the magnifying power can never be con- 
siderable, small defects of delineation are never perceptible. It is 
quite otherwise, however, with the class of instruments now under 
consideration, where magnifying powers, from 1000 to 2000 of the 
linear dimensions, are often brought into {day. 

These circumstances render it indispeasahle that the image of 
the object produced by the object-glass, and viewed through the 
eye-glass, should have the utmost attainable distmotness of de- 
l^eation ; not only as regards its outline, but also as respects the 
most minute details of its structure and colouring. 

11. Now the solution of this problem, presented to soientifio and 
practical men the most enormous difficulties ; difficultieB so great 
as to have been regarded, by some of the highest scientific autho- 
rities of the last half-century, as absolutely insurmoiintable. 
Happily, nevertheless, the problem has been solved ; and without 
disparagement to the great lights of science, we must admit that 
its solution has been mainly the work of practical opticians. It 
is true that the general principles upon which the form and 
material of the lenses depend, were the result of profound mathe- 
matical research, but these principles were established and well 
understood at the moment uiien the practical solution of the pro- 
blem was, by scientific authorities ^emselves, pronounced to be 
all but impossible. OptioianB, stimulated by mioroscopists and 
amateurs, ^en applied themselves to the work, and by a long 
aeries of laborious and costly trials, attended with many and 
meet discouraging failures, at length arrived at the produotiem 
of optical combinations, whieh have rendered the microscope one 
of the most perfect instruments of philosophic research, and one, 
to the mmeasing powers of which, we can scarcely see how any 
lia^ can be assigsed. 
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ABBBRATIONS EFFACED. 


To appinoiate the luroniiistanoeB in whiok tliOBe great dif&oultieB 
have ooiudsted, it will be necessary that the reader shonld revert 
to our Tract npon ** Optical Images,” 39 et $eq. It is there shown, 
that when an object is placed before a convex lens, the image of it 
which is product, is not in any case a faithful copy of the object. 
In the fimt place, each portion of the lens, proceeding Brom its 
centre to its borders, princes a separate image ; this series of 
images, being ranged at different distaimes &om the lens : when 
these images are looked at, as they would be, for example, with 
the eye-glm of the microscope, they are seen projected one npon 
another, and being slightly different in their magnitudes, a con- 
fusion of outline and lineaments ensues, so that the object appears 
as though it were viewed through a mist. 

This sort of indistinotness, called spherical aberration^ has been 
fully explained in our Tract upon Optical Images,” and the 
general principles, by which its effects may be more or less miti- 
gated, have been ^ere explained. 

It has been in the diminution, if not entire extinction, of this 
cause of indistinctness, by the happy adaptation of the curvatures 
of the lenticular surfaces entering into the optical combinations 
which form the microscope, that the address and genius of the 
practical opticians has b^n chiefly manifested ; and if it cannot 
be stated, with strict truth, that all the effects of spherical aber- 
ration have been effaced in the best instruments now placed at 
the disposition of the observer, it may, at all events, be safely 
affirmed, that they exist in so small a degree as to offer no serious 
impediment to his researches. 

But independently of this source of indistinctness, there is 
another which has also been fully explained in our Tract upon 
** Optical Images,” 39. 

Light is a compound principle, consisting of several elements, 
differing in colour and also in refimigibility, the consequence of 
which is, that when an object is plac^ before a convex lens, it 
is not one image which is formed of it, but a smies of images, 
varying in colour, from a violet or blue, through all the tints 
the rainbow, to a red ; these images are placed at slightly dif- 
ferent distances flrom the lens, and when viewed through the eye- 
glass, would be projected one upon the other, and being of slightly 
diflSsrent ma^tudes, the consequence of such projection would 
be, that their outlines, and those of all their parts, would be 
mow or less fringed with iridescent colours, an effect which, 
It is needless to say, would destroy the ^tmctness of the 
lineaments. 

12. The principle upon which this chromatic aberration is 
counteracted, has been fully explained in our Tract up<m “Optical 
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Images.” It follows £pom what Is there stated, that all oonfosion 
jsoduoed by this cause, caa be ifosioved by substitute for simple 
convex lenses, compound ones, insisting a 
double convex lens of crown-glass c e', fig. 4, 
cemented to a plano-concave lens of fiint glam. 

The image produced by such a combinatioU^ 
will be dis^ct and free firom colour, provided 
that certain conditions be observed in the curva- 
tures given to its component lenses. 

13. Assuming then, that by such combinations 
the image presented t^ the eye-glass is a faith- 
ful reproduction of the object, in its proper colours, 
perfectly distinct in all its lineaments, and suf- 
ficieatly mnplified, there is still one remaining 
oonditkm for distinct vision, which k, that tids 
iUMiige dmM. be sufficient^ bright. It will, 

therefore, be necessary here, to examine the con;- 

¥* C*‘ dithms on which its brightness, or illumination, 

d^enda. 

,, In tik first .place it is very evident that, other things bemg the 
the mumination of the image will be prcportioBate to that 
ciof the pljoct, and in the inverse proportion of its siqperficial 
I for the light which is transmitted from the object, 
;hm^. diffiised over the surface of the image, will be necessarily 
xnoro feeble as the super^cial magnitude of the image is greater* 
The hig^m* the magnifying, power used, therefore, &e greater Is 
ihe necessity that the object should be intensely illuminated. 

. ' But the brightness of the image depends not only on the in- 
tcitrify cl. the yiuminatian <d the object, but also on the proportion 
of the light emanating from eaxffi point of the object, whi^ arrives 
.atj|heborro(E^<mdiB^ and this, as we shall now 

.«^w, will depend eo^jointly on the linear <^emng, or available 
diaiueterof the object-glass, and the distance of the object frcnn it 
mdse this more ^aia, let o o', fig. 5, be the obji^ and L t* 
the'olject-glass* We are to consider that each poihtof the object 




is a oentre, from which rays emanate towards 
the ol^ect-glass ; thus, for example, rays 
ianuDigfoam tim point c, forma cone, of wid^ 
the ol^eot-glass is the base, and of rwhibh b Is 
the rertox; sqj^osing aB these rays to paac 
through the object-gl^s, and to be refracted 
by it, th^ will converge to the point of the 
image which corresponds to c. 


In the same manner, the rays which diverge 
fisom any other pointy such as o, likewise form a cone, of which 
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that point is the vert6x> and l^e obj4ot»gla«s the base, and after 
passing through the lens, they will oonverge to the corresponding 
point is the object. 

Thus it altars that each point of the ima^e is illuminated by 
as many rays as are ineluded within such a c0iw as ire hale hfm 
described ; that is to say, one whose base is lie oli|jeot«|^asiH 
whose vertex is on the olject But it is evideixt &at lieiiuniiie!* 
of rays included in such a cone, depends eselttaively Upon the 
magnitude of its angle, that is the angle L c j/f formed bylines 
drawn from a point, c, upon the object. 

14. This angle, which forms, therefore, an element of capital 

Fig. 7. 


importance in the estimation of the effidenoy of fte adwo s ee pe^ls 
called the axgvlae apbEtuee of the objeot-glosil. 

The effect produced by the variation ef the angular aperture of 
the object-glass, other things being the same, will be rendered 
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still more clearly intelligible by reference to figs. 6 and 7, where 
two lenses, l l and V l', having equal focal lengths, are repre- 
sented ; the same object, o and o', is placed 
at the same distances from them, and equal 
images of it, 1 1 and i' i', are produced at 
equal distances from the lenses. The 
angular aperture of l l, being l o l, is 
greater than that of l' l', which is l' o' l' ; 
and it is evident that a greater number of 
rays issuing from the object, will fall upon 
the lens l l, than upon l' l', in the 
proportion of the square of the angular 
aperture of the former to that of the latter ; 
thus, if the angular aperture of l l be 
twice that of if l', the number of rays 
which fall on L l will be four times the 
number which fall on l' i/. 

Supposing, then, that all the rays which 
fall upon each of the lenses, pass through 
them, and are made to converge upon corre- 
sponding points of the images 1 1 and i' i', 
it is clear that each point of the image 1 1 
will be more intensely illuminated than the 
corresponding point of i' i', in the propor- 
tion of the sqmire of the angular aperture 
of L L to that or jJ l' ; and if these apertures 
be in the proportion above supposed of two 
to one, the several points of the image 1 1 
will be four times more intensely illumi- 
nated than those of i' i'. 

15. As a practical example of the efieot 
of the angular aperture upon the image, 
we here give seven drawings made by the 
late Dr. Goring, of the appearance of a 
particle of dust, or a scale, as it is called, 
of a butterfly’s wing, viewed with the same 
magnifying power, the angular aperture of 
the lens being successively augmented. 
When the aperture was reduced to the 
smallest limit, the object appeared as re- 
presented at A, tig. 8 ; when the aperture 
was increased in the proportion of 2 to 3, 
the object assumed the appearance repre- 
sented at n, and, in short, by successively increasing the aperture, 
it assumed the appearances shown in c, i), e, f, and e. It will be 
12 



ANGULAR APERTURE. 


evident, therefore, that by the mere effect of this increased illumi- 
nation, the lineaments showing the structure of the object, which 
were altogether imperceptible in c and i), began to be developrd 
but very imperfectly in e, were more visible in e, and became 
(piite distinct in g. 

The great and manifest importance, therefore, of the angle of 
aperture to the efficiency of the mieroscoi)e, renders it indispen- 
sable that easy and practicable means should always be attainable 
for determining it. If the distance of the object from the object- 
glass, and the virtual opening or diameter of the object-glass 
could be always exactly measured; and if all the rays which 
fall on the object-glass could be assumed to pass through it, and 
to converge upon the image, then the angular aperture would be 
an element of very easy calculation. But it is not practicable to 
obtain these data, and it cannot be assumed that all the rays 
which are incident upon the object-glass will pass through it, 
and be made to converge upon the image. 

16. Instead, therefore, of calculating the angular aperture in 
this manner, it is determined by immediate experiment. 

The greatest angle of aperture of which a given lens is capable, 
will be found by determining the greatest obliquity with which 
it is possible for rays to fall upon the object-glass, so as to be 
refracted by it to the eye-glass. The following method of ascer- 
taining this, for any given object-glass, was contrived and 
practised by Mr. Pritchard, at an early epoch in the pro- 
gress of the improvement of the microscope, when the importance 
of the angular aperture was demonstrated by that eminent artist 
and Dr. Goring, The same method, with but little modification, 
is that still practised by opticians. 

Let m m, tig. 9, be the microscope, the object end being fixed 
upon a pivot, so that the eye end can be moved over a graduated 
semicircle. Let a small luminous object, such as the flame 
of a candle, be placed in the direction r r, at the distance of 6 or 
8 feet, so that the rays proceeding from it to the object-glass may 
be considered as parallel. If the microscope be directed towards 
the candle, all the rays will fall perpendicularly on the object- 
glass, and will evidently pass through it to the eye-glass. If the 
microscope be then turned on the pivot to the left, the rays will 
fall more and more obliquely on the object-glass, and a less and 
less number of tliem will pass to the ej^e-glass. 

AVhen such a position as m m is given to the microscope, those 
rays only which tall upon the border of the object-glass upon the 
right ot the observer, will arrive ,at the eye-glass, and the field of 
\ucw will then apj)ear, as shown at f, half illuminated and half 
dark. If the microscope be moved beyond this position, the field 
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will be entirely dark, no rays being transmitted to the eye- 
glass. 

If the microscope, on the contrary, be moved to the other side 
of the graduated semicircle, the same appearances will be pro- 
duced, and when it assumes the position ni! m\ the field will be 
again half illuminated, and beyond that point it will be dark. 

Fig. 9. 
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The arc of the graduated semicircle, included between the two 
positions vi m and 7/^', will then be the measure of the angular 
aperture of the object-glass, since that arc will correspond with 
tlie greatest obliquity, at which rays diverging from the object to 
14 
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the object-glass, can pass through the latter, so as to arrive at the 
eye-glass. 

Such are then, generally, the means by which the three con- 
ditions of distinct vision with the microscope will be fulfilled. The 
second of these conditions, that which involves the complete cor- 
rection of the chromatic aberration, will, however, require here 
some further development, since it involves circumstances which 
have demanded the greatest artistic skill on the part of the 
makers. 

1 7. It has been shown in our Tract upon “Optical Images,” 53 et 
aeq., that the chromatic aberration of lenses is corrected by combin- 
ing together two lenses, one of flint and one of cro^vn glass, which 
have Afferent effects upon the separation of the coloured images^ 
the curvatures of their surfaces being so related, the one to the 
other, that the separation which would be produced by either is 
exactly counteracted by an equal separation in a contrary direc- 
tion by the other. If the curvatures, however, of the two lenses 
be not so related as to produce this exact compensation, they may 
either give a predominance to the effect of the one or the other, so 
as to produce chromatic aberrations of opposite kinds ; the coloured 
images thus produced being ranged in a contrary order. 

When a single convex lens is used, the most refrangible rays 
are brought to a focus, nearer to the lens than the least refran- 
gible ; and fjonsequently the violet and blue images arc formed 
nearer to the lens than the red and orange. This is called 
rOSITIVE CHllOMATIC ABEUUVTION. 

If by combining two lenses of flint and crown glass this aberra- 
tion be more than compensated, that is, if the blue and violet 
images are not merely brouglit to coincide with tht) red and orange 
ones, so as to render the lens achromatic, but made to interchange 
place with them, so that the red and orange shall bo nearest to, 
and the blue and violet farthest from the lens, the chromatic 
aberi’ation will be neievtive. 

The importance of this in the j)ractical construction of the 
microscope \nll presently appear. 

It must bo remembered that the microscope consists of the 
object-glass, the field-glass, and the eye-glass, and that its 
efficiency depends not merely upon tho fidelity of the image pro- 
duced by the objc‘ct-glass, but upon that which is seen by the 
observer looking through the eye-glass. This last must be an 
exact reproduction of the object in form and colour. 

Now it is easy to show that if the object-glass be absolut(dy 
achromatic, the imago seen by the observer through the eye-glass 
will not be so ; for, in that case, the rays forming the image pro- 
duced by the object-glass passing successively through the field- 
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glass and the eye-glass, neither of which are achromatic, the 
image viewed by the observer through the eye-glass . must be 
affected by as much positive aberration as is due to the combination 
of the field-glass and the eye-glass. 

This defect might, it is true, be remedied by making both 
the field-glass and eye-glass achromatic ; but independently of 
other objections to such an expedient, it would be needlessly 
expensive ; and the same purpose is attained in a much more 
simple manner, upon the principles of positive and negative 
chromatic aberrations, which have just been explained. 

The method practised for this purpose may be briefly and gene- 
rally explained thus : The field-glass and the eye-glass being 
simple convex lenses, produce positive chromatic aberration. The 
object-glass, on the other hand, being a compound lens, may be 
so constructed, according to what has been just explained, as to 
produce negative chromatic aberration. 


1C 
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CHAPTEE II. 

?>Iutual cbromatic and spherical correction of the leases (Continued). — 
18. Centering. — 19. Compound object- pieces. — 20. The eye-piece. 
— 21. Various magnifying powers adapted to the same microscope. 
— 22. Actual dimensions of the field of Anew. — 2li. Means of moving 
and illuminating the object. — 24. Focussing. — 25, Preparation of the 
object. — 26. (deuci’ul descrixition of the structure of a microscoi^e. — 
27. The stage. — 28. The illuminator,s.— ^29. The diaphragms. 

Xow let us suppose that the entire combination of lenses is so 
formed, that the negative chromatic aberration produced by the 
object-glass shall be exactly equal to the positive chromatic 
aberration, produced by the field-glass and the ej^c-glass. In 
that case, it is evident that the one abcrratioli will extinguish the 
other, and that the image viewed by the observer through the eye- 
glass Avill be an exact reproduction of the object, being exempt 
from all aberration whatever. 

To make this more evident, Let ll, hg. 10, be the compound 
object-glass, consisting of a double convex lens of crown glass, 
and a plano-coucavc lens of flint-glass, formed so as to produce 
negative chromatic aberration ; let r i- be the field-glass, L >: the 
eye-glass, and o the object. 

Let V v K Ti be the coloured images of the objects, which would 
1)6 produced by L L, if i' f were not interi)osed ; these images will 
be slightly concave towards l l, according to wiiat has been 
(explained in our Tract upon “Optical Images/’ 47 cf srq. ; and since 
j. L is supposed to have negative aberration, the red images li ii 
will be nearest to it, and llie violet ones, v \ , most remote from it. 

Put the rays wiiich would converge upon the various points of 
these images being intercepted by the field-glass r 7, are rendered 
more c onvergent by it, and the images are accordingly formed 
nearer to it. This lens, F f, also increases the convergence of tlie 
violet rays which are most refrangible, more than it increases that of 
the red rays Avhich are least refrangible. The consequence of this 
is, that tlic violet and red images are brought closer together than 
they were, as shown in the figure ; but still the violet images arc 
more distant from f f than the red, so that the chromatic aberra- 
tion of L L and F J conjointly is still negative, though less than 
the aberration of l l alone. 

There is another effect produced by the lens f J' wliich it is 
important to notice. Tlio images produced by h l, which were 
slightly concave towards F F, arc changed in their form, so as to 
be slightly concave towards E e. The cause of this change has 
been already explained in our Tract upon “ Optical Images/^ 10. 
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In fine, then, the rays diverging from the images li' k' v' t', 
after passing through the eye-glass E e, have their divergence 
diminished, so as to di Verge, from more distant i)oints, 1 1 . The 
divergence of the violet rays,v' v', being most refrangible, is most 
diminished, and that of the red rays, n' n', being least refrangible, 
is least diminished. If their divergence were equally diminished, 
a series of coloured images would be formed at 1 1 , the violet being 
nearer to, and the red farther from e e ; but the divergence of the 
violet, which is already greater than the red, is just so much 
greater than the latter, that the difference of the eftects of E E 
upon it is such as to bring the images together at 1 1 . 

Thus it appears, that the positive aberration of the eye-glass 
E E is exactly equal to the negative aberration of L L and F F taken 
conjointly, so that the one exactly neutralises the other, all the 
coloured images coalescing at 1 1, and producing an image alto- 
gether exempt from chromatic aberration. 

There is another important effect produced by the eye-glass ; 
the images ii' it' v' v', which are slightly concave towards E E, 
are rendered straight and Rat at 1 1 ; the principle upon which 
this change depends has been also explained in our Tract upon 
** Optical Images,’^ 46. 

Thus, it appears that, by this masterly combination, a multi- 
plicity of defects, chromatic, spherical, and distortive, are made, 
so to speak, to extinguish each other, and to give a result, 
practically speaking, exempt from all optical imperfection. 

18. There is still another source of inaccuracy which, though it 
is more mechanical than optical, demands a passing notice. All 
the lenses composing the microscope require to be set in their 
respective tubes, so that their several axes shall be directed in 
the same straight lino with the greatest mathematical precision. 
This is what is called centeiii><j the lenses, and it is a process, 
in the case of microscopes, which demands the most masterly skill 
on the part of the workman. The slightest deviation from true 
centering would cause the images produced by the different lenses 
to be laterally displaced, one being thrown more or less to the 
right and the other to the left, or one upwards and the other 
downwards ; and even though the aberrations should be perfectly 
effaced, the superposition of such displaced images would effec- 
tually destroy the efficiency of the instrument, 

19. In what precedes, we have, to simplify the explanation, 
supposed the object-glass to consist of a single achromatic lens, a 
circumstance which never takes place except when very low 
powers are sufficient. A single lens, having a very high magni- 
fying power, would have so short a focus and such great curvature, 
that it would bo attended with great spherical aberration, inde- 
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pondently of other objections ; great powers, therefore, have been 
obtained by combining several 

achromatic lenses in the same * — ^ ^ 

object-piece, so that the rays 
proceeding from the object are 
successively refracted by each 
<#f them, and the image sub- 
mitted to the eye-glass is the 
result of the whole. 

Tlie optical effect of such a 
combination will be more 
clearly understood by refer- 
ence to fig. 11, where L L, l' l', 
and L" l", represent a com- 
bination of three achromatic 
object-glasses. Let o o be 
the object, placed a little 
within the focus f of the lens 
L L. The image of o o, pro- 
duced by L L, would then be 
an imaginary one in the posi- 
tion 1 1 ; (sec Tract on “Optical 
Images,” do, et seq,). After 
passing through L l, the rays, 
therefore, fall upon i! i/, as if 
they diverged from the several 
points of th(‘ image 1 1 , which 
may, therefore, be considered 
as an object placed before the 
lens l' l'. Let /' be tlie focus 
of 1/ i/ ; the image of i t pro- 
duced by 1/ 1/ will therefore be 
imaginary, and will be at i' i' ; 
the rays after passing through 
1 / V will fall upon l" l", as if 
they diverged from the several 
points of j' 1'. This image V i', 
therefore, may be considered 
as an object placed before the 
lens l" l". Let/" be the focus 
of this lens ; the image of j' i' 
produced by l" l" will then be 
i" 1 ", and will be real ; this will 
then, in fact, be the image 
transmitted to the eye-piece. 
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To render the diagram more easy of comprehension, we have 
not here attempted to represent the several distances in their 
proper proportions. 

The compound lenses, of which object-pieces consist, arc 
generally, as represented in the figure, plane on the sides presented 
towards the object. This is attended, among other advantages, 
with that of allowing a larger angle of ape^rturt^ than could be 
obtained if the surface presented to the rays diverging from the 
object were convex. 

The extreme rays diverging from each point of tlie object fall 
upon the surface of the object-glass with a greater and greater 
obliquity as they approach its borders, and since there is an 
obliquity so extreme that the chief part of tlie rays would not 
enter the glass at all, but woidd be refiected from it, the angh; of 
a]iertui‘e must necessarily be confined within such limits, that th(' 
rays falling from the borders of the lens will not be so obli(pie as to 
come under this condition. If the surface of th(‘ oiqcct-glass ])re- 
sented to the object were convex, it is evident that the rays diverging 
from an object at a given distance from it would fall u])on its borders^ 
with greater obliquity than if it were plane, and, consetpiently, 
such an object-glass would allow of a less angle of aperture than 
a plano-convex one with its plane side towards the object. 

Improvements have recently been made in object-glasses, by 
which angles of aperture have been obtaintul so great, as not to 
admit even of a plane surface being presented to the diverging 
pencil, and it has accordingly been found necessary, in such cases, 
to give tlie object-glasses the meniscus form (Optical Images, 2d), 
the concave side being presented to the object. l>y this expedient 
angles of aperture have been obtained so great as 170 . If the 
surlace of the object-glass xiresented to the obje(;t were plane, the 
extreme rays of the central pencils, with such an angle of aper- 
ture, would fall upon the surface of the lens with obliquities of 
not more than and the obliquities of tlie extreme rays of 
the lateral pencils would be even less. Under such circum- 
stances, the chief part of the rays near the borders of the 
lens would be refiected, and, consequently, its virtual would be 
less than its apparent angle of aperture. It is questioned by some 
microsoopists that even with the expedient of a concave external 
surface, a practically available angle of aperture so great as 170^ 
can be obtained. 

The three achromatic lenses here described being mounted, so 
that their axes shall be precisely in the same straight line, con - 
stitute what is generally called an oiiJECT-cn.Ass, but which, 
perhaps, might mth more convenience and propriety be denomi- 
nated an oiiJECT-riECE. 
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The power of the object-pieces is usually indicated by the 
makers, by assigniufj their focal lengths; but as these objcct- 
])ieces are (;omposed of several lenses, having difterent lo(‘al 
lengths, it is necessary to explain what is meant by the focal 
length of the combination. 

Let L be a single convex lens, and o the compound object-piece; 
sup])ose then, the same object jdaced successively at the same 
distance from L and o, and let i. have such a convexity that it 
will produce an image, i, of the object cf^ual to the image i', which 
the object-piec(‘, o, pi'oduccs, and that the distance of this image, 
£, from the single lens L, is equal to the distance of the image i' 
from the object-piece o. In that case, the single convex lens l, 
))oiug, in fact, the optical equivalent of the compound object-piece 
o, its focal lengtli is taken to be that of the object-piece o. Thus, 
for example, if the lens n, having a focal length of one inch, 
produce the same image of the same object similarly placed before 
it, as would the object-piece o, then the focal length of the object- 
piece o is said to be one inch. 

In short, the single lens l, and its equivalent compound object- 
piece 0, diifer only in this, that the images produced by L are 
defaced more or less by aberration, from which the images pro- 
duced by o are altogether exempt. 

These object-pieces are sold by some makers so fixed that their 
(;oraj)onent lenses are inseparable, the observer being unable to use 
any one of them as an object-glass without the others ; other 
makers, however, mount them in such a manner that the first and 
second lenses, l li and t/ t/, may be unscrewed or drawn olf, and 
the lens l' l" aloiu* used as the object-glass ; or 1/ t/ maj" be 
screwed on, tlie two lenses 1/ 1/ and L" 1." then making an object- 
piece of greater power ; by this arrangement the observer obtains, 
without increased expense, three object-pieces of different powers. 

After what has been said, however, of the exact manner in 
wdiieh the abeiTatious of the field and eye glasses arc corrected 
and balanced by the contrary aberration of the object-xuece, it will 
be easily understood, that the economy by which three powers are 
thus o])taiued, is gained at the exi)ense of the efficiency of the 
instrument ; for if the aberrations of the triple object-piece are so 
adjusted as exactly to balance those of the other lenses, that balance 
will no longer be maintained when the lens h l, and still less 
when the lens 1/ 1/, is removed. It is on this account that some 
makers, who are the most scrupulous as to the character of their 
instruments, refuse to supply separable object-pieces. 

The imperfection, however, produced in this case by disturbing 
the balance of the aberrations is of less importance, inasmuch as 
by removing the lens l l, and still more by removing l' l', the 
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magnifying power is so considerablj' diminished, that the defects 
of the image produced hy the unhulanced aberrations are very 
inconsiderable, and the observer is generally content to tolerate 
them on aecrount. of the great economy gained by the separation of 
the lenses, W’hieh KU]>j>lies, without additional expense, three 
independent object-pieet'K, 

Horne of the foreign makers, less 8cni])ulous in the ( xact ad- 
justment, of their oj>tieal (tombinations, make all the three lenses 
composing each triple objoet-piece exactly similar, unscrewing 
one from another, so as to enable the observer to use one, two, or 
tbr(ie at pleasure. It is evident that, with such combinations, the 
uherrati<uis eaii never he so exactly balanced as they are in the 
object-j)ieces ah<»vc d< serihed ; but in the instruments to which 
they are ap]>lied, ])OWers exceeding TOO or KOO are almost never 
attempted, and the aberrations, though im])erh‘elly ( oinpcnsated, 
are sulUeieiitly so to prevent much injurious oonlusion in the 
images. 

in the superior class of instruments, w'here magnifying jM)wer 
is pushed to so extreme a limit as 1500 or 2000, the imtst i xtreme 
]tn-e.isiou in the hahinee of the aberrations must necessarily be 
iH‘alise(l, since tlie sliglit<*st iiujuTfeetion so prodigiously magnitied 
would become injuriously apparent. 

'file extruim' degriH' of perfection, which has hei'U attaimd in 
the best class of niicroseo])es, may be imagined, W’hen it is stated, 
that an object W'hieh is distinctly \isible under a jiow'er of 1500 
or 2000, when it is exposed to the ohjeet-gJass uiieovensl, will Ik* 
s(‘nsihly alleeted by aberration if a jiieee of glass, no more than 
the 100th (dan iiu;h in thickness, he laid upon U. Intinitesimally 
small as is the aberration jirodueed by such a ulass lilm, it is 
sutlieient, wdien magnitied hy such a power, to he }>ercej>tihh , and 
to im]»air in a very sensible manner the distinctness of the image. 

As it has been found necessary, for the preservation of miero- 
seopic obje(‘ts, to cover them w ith such thin iilnis of glass, through 
which, eoiisetpieiitly, the\ are viewed, adjustments are j>ro\ided 
in microseojK's with which the highest class of pow ers are supplied, 
by wliich t'ven the small aberration due to thest' thin plates of 
glass thus covering the objects can he corrected. This is ellected 
by mounting the Uaises, whiidi eorajwse the trijile object-piece, 
in sueh i manner that their mutual distaiiees, one from another, 
ean bt' varied within certain small limits, by motions imparted to 
them by line screws, 'fliis change of mutual distance produces a 
small elfeot upon the aberrations, rendering their total results 
negative t(' an extimt ecpial to the small amount of positive 
aberration juodueed by the thin glass which covers the c»bject. 

20, The eye-glass and the tield-glass are both plano-convex 
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havin" their plane sides turned towards the ♦ yo ; Uiey are 
s(t in opposite ends of a brass tube» varying in leTif»:tli from two 
no In s downwards, according; to their focal lentrtlis, tlic distance 
'M t\vf«n tlicin and, c<*nse<juently. the leiijLrth of the tube being; 
alwa} s e/jnal to half the sum of their focal leii'^ths. 

'I h* liitrher the ])owcr of the cye-piece, and cons<‘quently the 
'horter th(' focal leiij^th of the eye-glass, the less will be the length 
ot lb.* talk- in which they arc set. 

'tins tube is culled the i:m:-i*ikck. 

It will br apparent from what has been explained, that the 
maemh'iiur ])owcr of the instrument will depend conjointly on 
tb<'S( <tf the (dji< et-piece and eye-]>ieee. 

•J!. In tile prost'cntion of luicroseopic researches, the use of 
\My various nia:j;nifying powers is iiulispensable : the higher 
j'ower'- would lie as iiM-h-ss for the larger class of objects, as the 
l<ov( r one'' for tlie smaller. Put eviai tor tho same obji'ct, a 
eoiM]d« te analysis cannot he accomplished witliout the sueecssive 
•ap]ilieation of low and high powers: !>y low jiowers the obser\(T 
Is ])rescnted with a comjirehensive \iew of tlie entire form and 
outline of the object under examination, just as an aeronaut who 
asi riids t«» a certain altitude in the atniospluTc obtains a general 
\iew (d the country, which would he alt(>gi‘ther unattaiuahle 
upon the le\(l (d‘ the ground. Py applying sueet'ssively higher 
powers, a" has heeii already explained, the smaller parts and 
miiiiitor features of the object are gradually disclosed to view, 
just as tin aeronaut, in gradually descending from Ids greatest 
altitieh . <d)tains a view' of objects w'hieh were first lost in tin; 
distuma*, but at the same time loses, by too great proximity, the 
-laiieral outline. 

Tile mieroseojM -makers, therefori', supply in all eases an 
assortment <d jiuwcrs, varying from do or 40 upwards ; ohserva- 
tiojis requiring powers under 40, lieing more corn eniently made 
witli siniplo mierosco[»es. For this purpose it is usual, with the 
last instrume nts, tv> furnish six or eight ohject-jiieees and three 
or lour i \e-pieees, each eye-piece being capable of being combined 
with each ohjtct-pieee. The number of ]M>w'ers thus sujiplied will 
be t'qual to tlie juoduet of the number of object-pieces, multiplied 

the nuniU r of eye-pieces. 

ilu‘ powtrs, however, may still be* furtlier varied, by jirovi- 
sioiis lor eiiaugiiig the distance between the object and eyft-pii ees, 
witliin certain limits. For this purpose, the tube of the instru- 
irent is sometimes divided into two, one of which moves within 
*he otlur, like ibe tube of a telescope, the motion being produced 
by a line rack and pinion : in this case the eye-piece is inserted in 
"lie of the tubes, and the object-piece in the other. Fv combining 
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tliis provision v ith a projHir assortment of object-pieces and eye- 
]»ieees, all ])ossibb‘ j^nwlations of power between tlu* hi'rlicbt 
iittainul)!**, and tin- lowest which is applicable, can bi* obtained. 

The actual mn^-nitude of the sjiace which can ]>e presenti'd at 
once to tlie view oT the observer, will vary witli tin* nia^^nifying 
IKiWer ; but in all eases it is extremely minute. Thus, with the 
lowest class of jiowd’s, where it is larj^(‘st, it is a circular s])ace, 
the diann ter of Avhicb does not exceed the fsth or 10th of an inch ; 
it follow.s, tber< fore, Unit no object, tli(' extreme limits of wbose 
linear ina^nitiub oxeeed this, can Ix' pres(‘nte<l at oiua* to the 
view of the (»hsMv< r. Such objects can only be scsii in their 
onscmblc, ]»y tik ans of h'ss powerful maf^nifyin^ j^lasses, or with 
the liake<l e\ c. 

2‘J. 'J’lie field of \ iew* witlv ]>owers from KM) to lioo, varies in 
diameter from the loth to tlie loth of an ineh ; fn»m .‘iOO to oOO 
it ^aries from tho lOtli to the TOtli of an ineh ; and frinn oOO t-» 
TOO from the 70th to tlu- lOOth of an inch. 


It will thus ho undcrst(K»(l, tliut c\cii with the imsioiat. p(»wtr 
of Too, an uhjictto lx* includcsl wholly within tie- held <*t m<\\. 



must have a magnitude such as may 1'.' 

included within a circle wlio.se diameter 

^ • 

does not exeeod the lOOtli ot an iiieh. 
These oliservatit'ns AN ill )>e nuu'e eh arl} 
apjirtsdated h\ ret» n nee to tlie anm \i d 

0 • 

(7 • 

diagram, tiii. iL*, whoit' \ is a eiieh 
wliose iliameter is the 0th ot an inch : 
n one ^^hose diumeter is tin- IL'tli of an 
ineh ; r the ‘Jdth, u the oOth, and j tlu 

lootli. 

1) 

Hut when still higher powei.s an- iis^d, 
the actual dimensions of the entire s])ae- 
comprised within tiu' field of \iew will he 


so very minute, that an ohjeit wliich 
would hll it, and still more, sinallei 


objects iiududed within it. would not only 

seojiie power !<• 

he altogether invisible to the naktd eye, 
hut would reipiiri' eoiisiderahle luicro- 
• nahle the ohseiwer to sec them at all. 


The actual diiui'iisiuns of the held of view, ^\hich (‘orrespoud tt‘ 
each mu^uifyinu ]*ower, \ary more or less in ililiereiit instru- 
ments. Tho'-i Avliieh I have j^iven above, are taken from a 
mien)seope made by ( harles Chevalier, >\hieh is in my ])ossession. 
Tlie ditferenee however in this respect, between one instrument 
and another, is not eoiisiderahle, and the above will serve as a fair 
illustration of the limits of the held of instruments in general. 
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Tiif « ntiro dimensions of the field of view therefore hviiv^ so 
. N-rMiiimly niinut(\ it wnll be easily iiuderstwd that difti- 

rulty will atbaid tlie ])rocess by which a small (»bje('t, nr atiy 
partimiar part of an object, can be brou;;ht within it • thu>, with 
.1 modt rat*- }»ow« r of -VHh the entire diameter of the held bein^- u«* 
nit-n than the Toth of an inch, a displacement of the objeet t** 
that * \t*'nt, or more, would throw it altoj:ether out of \ iew. If 
th(T* tois thfci nlijeei, or whatc\er supjiorts it, be moved by the 
fin;:* r-, the s( iisihility of the touch must be such as to be capable 

0 jirodiu im,' a di'^plaecInent thus minute. 

if tie objeet Ite u^i'eater ill its entire dimensions than the held 

01 \ir\\, — a eireumstanoe whieh most frcjjuently hajipens,--a jiart 
fOilv ot it (an be evhilnted at once to the ohservtT ; and to enaldt- 
him !<• take a surv< y of it, it would be necessary t** impart to it, 
nr tn uhat* \ «r ^iippnits if, such a motion as would make it pass 
acro"-' tin tield of \ iew , as a diorama pa‘'M‘s bcfoi'(' the spectators, 
diselo-'imc in slow’ siircessioii all its parts, and leaving it to tlie 
P'iW( r of the oliscrvcr to arrest its progress at any dt sired monu'nt, 
so a" to retain any jmrticulur part under observation. 

'I'ln imj»raetieability of impartini? a motion so .slow and ri'^ular 
})y till' immediate application of the hand to tln^ object, or its 
supj»ort, will he very apparent, when it is considiTcd that whil(‘ 
tin ( iitir* (dijeet may not cxc(‘(‘d a small fraction, say, for oxani- 
]))•', tin -‘Kli (,f an inch in diameter, the (mtire diannter of th< 
tit Id nf view may he as much as 20 times less, so that only a 20tli 
fair: (d the diameter td' the objeet would be in any ;.riven position 
comprised within it. 

‘Jd. Till so and similar circiimstaiiees have rendcTe<l it necessary 
th-jt the want of suhieieiit sensibility and delicacy of the touch in 
im]>artimc motion to the <»bjeet, shall be supplied by a sjKieial 
nn eiianisin, by means of which the tiimi-rs are t uahled to impart 
t-> tin- (ihjeet an iiitiiiiti-ly slower and nion rei^ular motion, than 
tin \ Muddirive it without such an expedient. The iii»‘ans hy whieh 
t)»i> 1-- ace<)iiiplish( d will bo fire.^eiitly exjilaimxl. 

* hivt- >0011 that the intensity with which the mieroseopie 
imaiT' iv illuminated depi-nds on the ari^de of aperture, otlu r 
thiiii^s h( 111^ the saiiu' ; but liow’cver lar;^e that aiiL,de may he, 
when 

e eiisnierahh nia;^nifvinj^ jM)wer i> used, it is lu-cessary that 
the ohp ot itself should be much more inU*nsely illuminated than 
it would bo by merely exposing it to the light of day, or that td' 
the most hiilliaiit lamp. It is therefore neoe.ssary to jirtivide 
cxpidient", hy which a far more intense light cau be throw'ii 
upon it. 

24 . lht‘ instrument is said to be in vocus when the observer i- 
enabled to see with the eve-C'lass the magnified imago of tlu 
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o}>j(;ct with perfect distinctness; this will take place provided the 
mutual distances between the eye-piec<‘, the obj(*ct-])iece, and the 
object are suitably adjust’d ; and this adjustment may be accom- 
plished by moving any one of these three towards or from the 
otlier two, wliile these last nunain iixed : thus, for example, if tlie 
object and the ol)j(rct-pii*<*e remain unmoved, the instrument may 
be bruu<i;ht into focus by moving tin? eye-j)ieee to or from the 
object-pie(;e. Tin* rack and pinion, already described, wliich 
mov(is tin* tub(‘ in which the eye-jneee is inserted, can ac(*om]>libh 
this. 'J'his j)rovisi(>n, ln»wever, is not made* in all mieruscopes. 

If tin* <‘yi -pieee and tin* ohj< et he lix<‘d, the instrument may la* 
))ron^ht inb) foeiis by moving tin* objeet -piece to or from the 
cd»jeet. To etl‘c< t this, it would be necessary that the objeet-pieee 
should he ins(‘rb'd in a lube, uiovcmI by a rai;k and ]>inion, likt; 
that of the eye-j)ieee. 

Jn tine, if the objeci-]viec.e and eye-piece lu* both tlxed, the 
instrument may be brouj^bt into focus by m(»viu^ the object, or 
whatever sujjportH it, to or fnuu the objeet -jjlass. 

All these methods are resorted to in the dilierent forms in 
which mieroseojs s jire mounle<l by different mak(Ts. 

2.’>. Sine<* nearly all material substances, w lu n reduced to an 
<‘xtrcmc decree of tenuity, are more or Jess translucent, and sinc(* 
almost all microseopie objects liave that dcixne of tenuity bv 
ri'ason of Ibcir niiuutcin*ss, it bappoiis that nearly all of them arc 
univc or h*s^ translucent ; and where in i xccptioual cases a 
certain decree of opacity is found, it is n'lnoved without intiT- 
feriii^^ with its structun*, by saturatiiiii: the object with certain 
liquids, w'hicli iinTcase its traiisluceucy, just as oil renders paj)er 
semi-transparent. The liquid which lias been found most useful 
for this purjMisc, is one culled (\nai»\ uals\m. When the object 
is saturated wulli this liijuid, it is laid upon a slip of j^hiss, aliuut 
two iuehes hiiij; and half ail inch wide, and is covered with a 
small piece of >ery thin j^lass, matlc <‘Xj)ressl\ for this juirjKisc, 
tin* thiekiu'ss ill some cases not exceeding tin* lOOth of an inch. 
It is usual to eiivclo}»e the (»bloiiji: sli]» of glass, in the middle of 
which the object is thus mounted with paper gummed round it, a 
small circular hole beiiu,^ left uncovered on both sides of the 
glass, in the ci iitre of whieh the object lies. 

The slips of glass thus prepared, w’ith the objects mounted 
upon them, are called *//de.v or sfUfers ; , and the objects thus 
mounU'd are so placed, that the axis of the ohject-jiiece shall be 
directed upon that part of them w'hich is submitted to observa- 
tion, ]>ro visions being made to shift the position of the slider, so 
as to bring all ]iarts of the object successively under observation. 
Kurtlier jiro visions are also made to throw a light upon the 
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bv which it will be seen as an object is on painted 

^rlass. 

Since, however, there are some few objects wdiich cannot ho 
rendered transhi(M‘nt, expedients must be provid(‘d, by \Nhieh 
tie y (‘an be illuminatt‘d upon that side of them wluch is presented 
tn tie microscope. It is often netM'ssary, also, even in the case of 
translucmt o]>jects, that they should be viewed by means of lii^ht 
thrown ujK)n that side of them w’hieh is turmal to the object- 
irlass. 

2b. These {^enerid obser\ations beinj? premised, wt' shall pro- 
ceed to exjilain the im tlH»d by which the oj>tical part of the 
Histruinent i'' mounted, and the several accessories by which the 
o]>j* ( t is Mipported, moved, and illuminatt'd. 

Lot us suppose, for tlir present, that th* ey« -piec(‘ k F’, tig. Id, 
.ind the «.bjeet-piece o, are mounted in a vertical tiilie, with 
whos(‘ axis \ A \, tlu- several axes of thi* lenses, accurately co- 
incide. L(‘t tl (I 1)0 a diapliragm, or blackened cinuilar platt , with a 
hole in Its cent re, jdaced in the focus of the (‘ye-glass, by which 
all rays of li^lit not necessary to form the imni^e sliall be iiiter- 
<’([>ted. Lvi n hi* a milled head, by turning which the tube 
which carries the eye-piece can be moved within certain limits to 
and from the object-piece, and let i/ be anotlier milled lieud, by 
which the tube uliicli carries the objeet-pieee can be moved 
within certain limits to and from the object, or by wdiicli tlie 
entire body n ii of the micTosco[H‘, carrying tin* object-picoe and 
eyi -piece, can be moved to and Irom the object. 

27. Let s s be a flat stage of blackened metal or wood, liaving 
a circular hole in its centre, as shown in plan at s' s", and let it 
be tixed b\ j)ro])cr arrangements, so that the axis a v \ of the 
microscope sliall ]>ass througli the centre of the circular ajierture, 
and so that its {daiie shall be at right angle to tliat axis. Let a 
slider, such as wo have described above, upon which an objcirt is 
mounted, Ik,* laid upon this stage, so that the object shall he in 
the centre td' the hole, and therefore in the axis a a a of the 

miiTox'opf. 

2S. L* t M M be a concave rellector, receiving light eithf'r from 
a lamp or a window, and retlecting it upwards towards the open- 
ing in the slider, in converging rays, so as to condense; the light 
with mure or less intensity upon the under side of the object ; if 
the convertrenee produced by 3i M be insuthcieiit, it may be 
augmented by the interposition of a convex lens c c. Tliis may 
or may not be interposed, according as the object is smaller or 
greater, and revjuires a more or less intense illumination. 

The light being thus throw'n upon the lower side of the object, 
the latter, being sullieiently translucent, is rendered visible by it. 
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li the object be o]»aque, it maj’ be illuiiiiiiated iVoni ab >ve by 
ral expedients; being placed upon a blaekeiud plate ivsting 
Mil the stage s 8, light proceeding from a window or a lainj> may 
h.* eunderiM tl u]><)n it by a concave retleetor m', iO- by a councx 
lens 1 , L. 'rhesc' arraugements, however, arc only applieahle 
^^hen the object is at sii(‘h a distance from the objeet-pieee that the 
liglit jiroeeeding from .m' m' or l l shall not be w belly or partially 
intere»pted by llu; object-piece. This would always lx* the case, 
how*‘\er, when very high jjowers are used, and wdien, c(»nse- 
(jUeiitly. the object must be brought viry dost' to the oljcet- 
pn cf . In that case, the ohjtaq is supjMirt' d u]n>n a small pieei' 
*f blaek<-m‘d cork, or in a dark cell of the form represented at 
N\ w : this sui>}xirt is j»iacetl in the centre of the o]>ening of the 
stage, so as not to intercept any but tlu* central rays ndleeted 
irom M M ; upon the end ol the obje<‘t-])ieee a conoavi* rellector, 
having' a hole in its centre, through wdiich tlie objeet-picce ]>a<scs, 
is li\((i : tin* light jmiecediim from M :m, and falling upoti this 
retleetor, is rctleeted by it, so as t<^ convt‘rg( upon tin* rd)jeet, and 
tlius to illuminate it. 

A concave illuminator thus mounted is c:illed, from its iuveutor, 
a lit herknlni. 

l!b. Ill the illumination of objt'cts it is frequently necessary to 
hunt, to a greater or less extent, the diameter of the ]»eneil of 
light thrown from the retlt*etor, 3i ii, upon the object. Although 
tliis may jiartly b(‘ aeeomplished by Nariinn tlie ilistanee ot tin* 
rdlector troni the <thjeet, or by the inter[H»sit ioii of a eoinex lens, 
"Ueh I xpedients are not ahvavs the most ei-nvenieut, and a iniieh 
more ready and efieetiial method of attainiuL; this ( iid is sn])pljed 
by ]iroNiding below Ibe stage, s s, a eir, tilai bbe keued disc, 

« ajiable of being turned upon its eeiitiv in its own pbnie. '^lli^ 
ii-'e i> jiierecd with a iiumher of 
}.oh < of ditiereiit diameters, as sliown 
in lia^. 1 1, and it is so mounted, that 
tlu' o]n iiings in it, by turning it 
round Us ceiitri', may he brought 
sueecssiN, Iv under the ohj< et. This 
is tadly done by fixing the eentre 
I'f this disc at a distance from tlie 
<cntrc ot the stage, equal to the 
distance bet ween tlie centre of the 
disc and the centres of the holes 
made in it. 

This appeudag* is called the disc 
'if thnphrafnnSy and is of great use in the illumination of objects, 
as will appeal* hereafter. 
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As the effect of the illuminators varies not only with their 
distance from tlio olyect, but also with the direction in which the 
light directed from them falls upon the object, provisions are 
made in mounting the microscope, by which various positions ma}* 
be given to them, so that the light may fall upon the object in any 
desired manner. 

In the frame in wliich the illuminator, M M, is mounted, it is 
customary to j»laco two reftectors, one at each side, one concave 
and tlie other plane. Hy the former a converging, and by the 
latter a parallel in ncil of light is reflected towards the object. 

In this g(;nerttl illustration we have 8up])osed the axis of the 
instrument to be vertical ; it may, however, have anj' direction 
whatever; but whatever be its direction, the stage, s s, must 
always be at right angles and concentric with it. The eye-piece 
and objt‘ct-picce are also supposed to be set in the same straight 
tube, with their axes set in the same straight line. This arrange- 
ment, though most commonly adopted, is neither necessarily nor 
always so. The tube which carries the eye-piecc may, on the 
contrary, be inclined, at any desired angle, with that which 
carries the object-piece ; for this purpose it is only necessary to 
place in the angle formed by the two tubes a reflector, so inclined 
that the rays coming from tlie object-piece shall be reflected along 
the axis of tlio tube wliicb carries the eye-piece. 
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30. THU^^, for example, if the tube which carries the object- 
pkoe bo vertical, a plane reflector, m m, flg. 13, receiving the ray& 


1 .',. 



coming in a vertical direction from the objcet-pii'ce, will rcfk-ct 
them horizontally to tho cye-pi(‘oo i: k. 

The same obj^ cd would h(‘ attained with more advantage, and 
lees loss of light, by means of a rectangular prism, a b (', lig. Ki, 


KIg. 17. 



tlie vertical ray, n r' being reflected by the back, a c, of the prism 
in the horizontal direction r' k". 

Since a single reflection thus made produces an inverted image, 



THE STAGE. 


it is sometimes preferable to accomplish the object by two suc- 
cfssive reflections, as shown in fig. 17, where the ray, a b, is 
.succ(‘ssively reflected at n and c to the eye at D. And the same 
object may be attained more advantageously by means of a 
quadrangular prism, as shown in fig. 18. 

This application of the prism and reflector has been already 
explained in our Tract upon Optical Images. 

Much practical convenience often arises from the adoption of 
this exj)edient ; thus, while the object-tube is directed vertically 
downwards, to an object supjwrted on a horizontal stage, or 
floating on or swimming in a liquid, tlie eye-tube may be hori- 
zontal, so that the observ4T may look in the level direction. In 
this case the two tubes are lixed at right angles, the reflecting 
surface being placed at an angle of •lo'" with their axes. We 
shall see hereafter a ease in w'hicli, by the adoption of an oblique 
tube, sevtTal observers may at the same time, looking through 
different eye-pieces, sec the same object through one and the 
same object-glass. 


THK SUl’COUT AM» JIOVKMKXT OF THK OIUDCT. 

111. The apiKJUclage of the microscope, udai>ted for the supjwrl 
of the object is called tjik sT.Kii:. 

Since every motion or disturbance by which the stage may be 
affected will necessarily b(; in(‘r(*ase(l, when s(*cn through the 
microseo|>€, in the exact ]»roportion of the magnifying power, it 
is of the utmost importance that it should be exempt from all 
tremor, and that it should have strength suflieient to bear, wuth- 
ont flexure, the pressure of the hands in the inaiiipulution of the 
object. When a high pow'cr is used, the local adjustment of 
the instrument re<juires to be so exact, that a dis]>laeemeut of 
the object, which would be produced by th<* slightest pressure 
of the lingers upon a stage not very firmly supported, would 
throw it out of focus. 

If the instrument be used for dissection, or any other piir[>oso 
in which steady manipulation of the object is needed, it will be 
found convenient that the stage have suflieient magnitude to 
support l>oth w'rists, ■while the o{)eration is jx rformed with the 
lingers. Supports for the elbow's ought also to be arranged, so as 
to place the operator completely at ease. 

^2. The instrument is focussed, as already explained, either by 
moving the stage to and from the body, or by moving the body 
to and from the stage. The motion is imparted to the one or the 
other by means of a milled bead placed on the right of the 
obser^'cr, wrliicb leaves a pinion w'orking in a rack to w'hicli the 
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part to be moved is attached. IJy turning this milled head one 
way and the other alternately, the observer tinds by trial the 
position which gives greatest distinctness. 

This, which is called the coaukk adjusts knt, answers 
well enough when high powers are not used ; but it must be 
remembered that as the teeth of the pinion siict^essively pass those 
of the rack, the motion produced is not strictly an even and 
uniform one, but a sort of starting or intermitting motion, so that 
the instrument cannot be easily and steadily brouglit to rest at 
any intermediate point between tin* })(‘ginning and the end of tlic 
passage of a tooth. AVlien high powers arc used, and conso- 
(]^ucntly an extreiiiely nice adjustment of the focus ro(juired, this 
arrangement is therefore insutlicient, and serves ut best onlj' for a 
iirst aj>proximation to Hk; exact focus. 

34. A supjdemental exjw'dient is thendore ]>rovided in the 
best instruments, called the kini: AU.irsTMKNT, which usually 
consists of a screw having an extnnudy tine thread, which 
being connecttKl with the ])arl to h(> ni(>\(‘d, giv<*s it a per- 
fcetly smooth, uniform, and slow motion, entirely free from starts 
or ji*rks. 

In some of the best iiislrunu'iits these seri'ws hav(* as many as 
150 thrc'ads to the inch, so that one complete* turn of the milled 
licad moves the singe or body through only the* 150th part of an 
inch, and as the liead is divided into ten eejual parts and moves 
under an index, a tenth of a r<*volution ean be observed, wliieh 
corresponds to the 1500th i>art of an in<*h. 

AVlien tlu* form of the object is not actually flat, and conse- 
quently all points ujM>n it are not eejuiilly distant from the object- 
glass, they will not be all in focus together. AA^hen the distance 
of the object is such ns to bring the more salient, and conse- 
quently the nearest, juirts into focus, the more dcprt*ssed parts 
will be too distant and consequ(*ntly out of focus ; and when the 
object is mov('d nearer to the object-glass by a space equal to the 
heiglits of the salient above the dejiressed jairts, the latter will bo 
in, and tlu* former out of focus, and consequently the latter will 
be distinct, and the former confused. 

AA^hen the powers used are so low that the distance of the 
object from the <d»ject -piece shall hear a considerable proportion 
to the diftenmee of levi*l of the salient and depressed parts of the 
object, this ditfereiiec of level will not sensibly afieet the focal 
adjustment; but when high powers arc used, that difference of 
level bearing a very sensible pro|X)rtion to the distance of the 
object from the object-glass, the adjustment which renders either 
distinct will render the other indistinct. 

35. This optical fact has been converted with admirable address 
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into an expedient, by which the inequalities of the surface of a 
microscopic object are gaupfcd, and its accidents analysed. Thus, 
for example, let the milled head of the Hno adjustment be first 
turned so as to render the salient parts distinct, and let the 
position of the index be marked. Let it be then turned so as to 
render the depressed [>arts distinct, and let the new position of 
the index be marked. If one division of the head represent the 
loOOth part of an inch, the difterences of level, of the salient 
and oppressed ])art8, will be just so many lo(K)ths of an inch as 
there are divisions of the milled head which have passed the 
index. 

dO. One of the first difficulties which the microscopic debutant 
eneountt'rs, is that which will attend his attempts to bring tho 
object into the centre of the field of view when it is minute, and 
when the magnifying ]>ower is considerable. If he is only pro- 
vided with a simple stage, without any mechanical cx{)cdient for 
moving the object, he will soon be oppressed with the fatigue 
arising from a succession of abortive attempts at accomplishing 
his pur|)osc. 

37. The entire diameter of the field of view will often be less 
than the lOOth of an inch, so that a displacement of the slide so 
inconsiderable as to be utterly insensible to his fingers, will cause 
the object to jerk through a space greatly exceeding the entire 
extent of the field. In this way the object will start from side 
to side, the motion imparted to it by the touch to bring it back 
to the field being always in excess, however carefully and deli- 
cately the manipulation may be made. Some professional 
observers, by intense and long-continued practice, surmount this 
ditticulty and succeed in adjusting the slides, even with tho 
highest powers, without mechanical aid ; but this is not to be 
hoiHid for by debutants or amateurs, except with very low magni- 
fying ]x)wer8. Such persons, if they would avoid the risk of 
throwing up the instrument with disgust, had therefore better in 
all cases be provided with a stage liaving some such expedients as 
we shall now describe. 

Upon the fixed stage, such as it has been described, a second 
stage similar in form and equal in size is placed, and is moyeablo 
through a certain limited space right and left, by a fine screw 
with a milled head. Another similar stage is placed upon this, 
which partakes of any motion imparted to the latter, but which 
is also moveable upon the latter backwards and forwards by means 
of another line screw. Upon this last stage the slide with the 
object is placed, and held down by springs so as to retain its 
place, whatever be the position of the stage. 

By turning one of these screws (fig. 19), the object may be 
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slowly moved right and left, 


Fig. UK 



can be turned either separately 
and sometimes they are placed i 


I by turning the other it may be 
moved backwards and forwards, 
and, in fine, by turning both 
at the same time it may be 
moved diagonally in any inter* 
mediate direction, according to 
the relative rate at which the 
one and the other milled head 
is turned, 8omi‘times the two 
milled heads are on the right 
side of the stage, so that they 
or together by the right hand, 
it opposite sides, so as to engage 


both hands. 


88. It is generally found convenient to have an easy means ol' 
turning the object round its centre, so as to ]>resent it to the light 
in all possible positions, without displacing it from the centre of 
the fiehl. This is accomplished by inserting in the upper plate 
of the stage a metallic disc of somewhat greater diameter than 
the central aperture of the stage, which is so fixed as to be turned 
smoothly round its centn'. It is uj)on this disc that the slide is 
placed and held by th<' springs which are attached to the disc so 
as to turn with it. This disc is sometimes graduated in 300 , so 


that the obstTver can turn the object through any desired angle, 
a power which will be found very convenient in certain classes 
of obtK^rvations, 


The arrangement consisting of a fixed witli two moveable 

stages 8upcr|K)8ed is 
drawn in tig. 20, 



when' a a a a is th(‘ 
fixed stage, and h h 
h 6, V c r r the two 
stages which move 
in the grooves n n 
and m m, the one 
hhhb dii’eeted right 
and left, and the 
other ccc c back- 
wards and for- 
wards. The grooves 
in which the upper 


stage c c c € moves 

are formed in the lower stage hbb and those in which the 
latter moves are formed in the fixed stage aa a a. The one 
stage is moved by turning the milled heads s s fixed upon the 
88 
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rod i t, and the other by turning the head r r tixed uiK)n the 
hollow rod r, through which tt passes. 

Another and more simple form of moveable stage is shown in 
lig. 21, where a a a represents a circular brass disc, having a 
eirenlar aperture in its 
eentre. Upon this a 
second disc h h h is 
placed, which is moved 
within certain limits in 
two directions, at right 
angles to each other, 
by the screws v v', 
iiinst which the spring 
I V 3. reacts. The 
ntire stage is in this 
asc moveable round its 
uwn centre. 

By tb(‘se expedients 
tlu‘ observer has com- 
plete command over th<* 
object, so as to he able 
to move it at plcasuic 
in any direction, with a motion which will be smooth, slow, and 
1‘ree from jerks and starts, even when magniticil with the highest 
powers. 

To centre the object, that is, to place it on tlie stage bo that its 
centre shall be in the centre of the lield, is not so easy as it 
might appear to the un]»ractis(,*d iii microscopic manipulation. 
To accomplish this, let the slide be first laid a<-ross the aperture 
of the stage, the obje(‘t being as nearly as j)ossiblc concentric with 
the aperture. Li t the stage and object-glass bi brought nearly, 
but not actually, into contact by the coarse adjustment. Let the 
slide be then again centred, so as to render the object concentric 
with the object-glass. Lit the stage be then moved from the 
object-glass until the instrument is focussed as nearly as it can 
be by the coarse adjustment. Let the object be then more 
exactly centred by the stage-screws, and more exactly focussed 
by the fine adjustment. 

It must not, however, be supposed that this elaborate process is 
necessary in the case of every' class of objects. The larger sort 
can be easily enough centred by the hand, and focussed by the 
coarse adjustment ; and in the cheaper description of microscopes 
no other means are provided. For a smaller sort, the centring 
may be effected by proximity with the object-glass, and rendered 
more exact with the fingers when no stage-screws are provided, 

5Q 


Pip. ‘21. 





THE MICROSCOPE. 


Rut much trouble will bo produced when objects of the smallest 
class requiring the higher powers are examined with instru- 
ments in which the stage-screws and fine adjustments are not 
supplied. 

39. In all cases it will be found advantageous to submit the 
object succoHsively to a series of increasing powers. When once 
centred it will maintain its place while the object-lenses are 
changed, so that upon each change of power no new adjustment is 
necessary except focussing. The; low jwwers will show tht^ 
general form and (*ontour, tljo entire object Ix ing at one and the 
same moment witliin the field. The next powers W'ill show' the 
larger parts, and the liighest will disjday the texture' of the sur- 
face and th(‘ structure of the smaller ]>arts. Jly working the 
stage-screws tlie objecd is moved like a ])anorama across the fi(*ld 
from right to left; and this motion is repeated for viirious posi- 
tions given to it by the screws, w'hieh move it backward and 
forward until ever)' part of it has been submitted to examination. 

When high powers are used the object w ill be very close to 
the object-glass, so as almost to touch it when the instrument is 
focussed. In this case, care should he taken to prevent all 
contact or friction of the object or the slide wdth the object-glass, 
the latter being subject from that cause to injury or fracture. 
Wlieii it is desired tln'rofore to change an object thus viewed with 
a liigh power, it is ahvays advisable to separate th(‘ object-glass 
and stage by the coarse adjustment, before removing the one 
object and repla(dng it with the other, which must then be 
focussed. 

40. The greatest care should be taken to clean the slides before 
jdacing them on the stage, since the least particle of grease or 
dust or any other foreign matter w’ould, when magnified, injure 
tlu' observation and might lead to errors. 

When the object observed is in a drop of w’ater or other liquid, 
or when it is itself a liquid, it will be included betAvecn the 
slide and a thin glass placed upon it, in wdiich case it is of the 
greatest importance to exclude or remove all bubbles of air, since 
they wmild present ap|K*aranccs under the microseoj)e, such as 
would deface those of the proper object of observation. 

41. When it is required to submit a minute object to inspec- 
tion, it is sometimes desirable to submit it to pressure, either to 
retain it in one jwsition, if it be living, or to ascertain the eflect 
of compression upon it, exercised in a greater or less degree for 
other purposes. It is often necessary also to roll it over, so as to 
present all sides of it in succession to the observer. 

An instrument called a compressor has been contrived for this 
purpose, W'hioh has been constructed in a great variety of forms 
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by different makers, according to the demands of different 
obserrers. 

One of the most common and useful forms of compressor is 
sliown in fig. 22. 

A small and very thin disc of glass is set in a brass ring i, and 
su]>p<»rt<-d at two points i. l, diametrically opposite, by the ends of 
a fork L r, attached to 
a lever i* the latter 
lK*ing supjM)rted u|H)n 
two upriglit pieces f, 
attached to an hori- 
zontal piece K i». This 
I>iec»' F I) turns hori- 
Zimtally round a pivot, 
fixed near the end r. 
of a strong slip of brass a u, having the form and magnitude of a 
slide used for the su])port of objects. At tlie middle c, of \ u, is 
a eireuUir hole, in wliieh another disc of glass is set, correspond- 
ing in magnitude to the disc i. A screw, with a milled head K, 
works in the end o of tlie lever, by tiirning which in one way or 
the other, the end o, and con9c<|uently the disc i, is raised or 
depress(‘d. 

To place tlio object for observation, by moving the piece i> 
round the i>ivot the ring i is removed from the lower disc c, 
uj>oa which the object is then deposited. The screw k being 
turned, so as to raise the disc i sutHciently to prevent it from 
touching the object, the piece T) is tlien turned on the pivot 
until the disc i is brought over the object. The observer 
then viewing the object in the mieroscope, and placing 
his hand upon the screw k, slowly turns it, so as gradually to 
compress the object, and continues this process or suspends it, or 
turns the disc i horizontally, so as to roll the object between the 
glasses, according as his course of observation may require. 

Tlie compression may be so increased as to flatten the object, 
which in some cases is desired, so as to render it more transparent, 
while nevertheless its form becomes more or less distorted. 

42. It is sometimes required to ascertain the effects of an 
electric spark or voltaic current, transmitted through a liquid or 
solid, or through a body animate or inanimate. An apparatus 
adapted for this purpose is showui in fig. 23, where D c is a disc 
of glass set in the middle of a slip of brass a n. The two brass 
tubes G o play upon the hinges f f, which are supported on short 
glass pillars K K. Two glass tubes, through the bores of which 
fine platinum wires a a pass, are inserted tightly into the tubes 
G 0 , so that they can be pushed to, or drawn from the disc n, 
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where the object] is placed. The positive and negative ends of 
the conductor of the electric machine, or the ^les of a voltaic 
battery, being put in connection with the handles h h of the 


Fig. 23. 



jdatinum wire, the spark or current will i)ass from the point of 
one of the wires a a io that of the other, being transmitted through 
the object placed between them. 

THK IIJJ MINATION OF OIUI’.OTS. 

43. Among the accessories of the microsoope, there is none the 
right use of which is more important than the illuminators. By 
the i)roper application of these, an intiiiite variety of beautiful 
etlt‘cts oi’e prmluccd, and tm iiiiinite number of interesting con- 
sequences develojKid, while by their abuse, and by the misconcep- 
tion and misinterpretation of their indications, the most fatal 
errors and illusions may arise. 

Ix?t any one, liowever inexperienced in the manipulations of a 
iiiioroscope, applying one hand to the mirror and the other to the 
disc of diajdirugms, vary at pleasure the i)osition of the former, 
and turn the latter slowly round its centre, thus shifting the 
direction, and varying the quantity of th(‘ light which falls upon 
llie object, and he will witness, in looking at the object through 
the instrument, a series of appearances which M'ill soon demon- 
strate to him how curious, complicated, and important a part tlic 
illuminators play in microscopical phenomena. 

44. Objects may be rendered visible in two ways, either by 
light reflecU'd from those parts of their surfaces which are pre- 
sented towards tlie observer, or by light falling on the posterior 
surface, and partially transmitted through them. Opaque bodies 
can be seen only in the former way, but translucent objects may 
bo seen in either of these ways. 

A translucent object presents a different appearance, according 
ns it is seen by a £ix)nt or back light. The leaf of a tree or plant, 
seen by reflected light, appears to have some particular tint of 
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jnwiii showing faint traces of a certain reticulated skeleton of 
vegetable fibre. If it be held up before the sun, all light being 
excluded from the side presented to the eye, it will appear with a 
muc h paler tint of green, and tlie skeleton will become much 
more visible, the finer parts before invisible being distinctly 
seen. 

A stained gloss-window viewed from the outside appears to 
have dark and dull colours, and might be taken to be opaque, 
showing no form or design. Viewvd from the inside, forms of 
great b<‘aiity, and colours of remarkable splendour, are seen. 

'When we say, therefore, that objects vi(*wcd in a microscopes 
present very difierent appearances, according as they are illu- 
minated by a front or a back light, we only state a gtaieral fact 
common to all visible objc'cts. 

No body can be sai<l to be either opacpie or transparent in an 
absolute sense. Budi<*s considered to be the most opaque, such 
us tlie metals, are found to be translucent when reduced to thin 
leav(‘R. Kve n gold and platinum, the most denser of the metals, 
are rendered translucent under the hammer of the gold-beater, 
while glass, diamond, air, water, and similar bodies, commonly 
considered to be transparent, are proved to absorb a portion of the 
light transmitted through them, this absorption increasing with 
the thickness of the medium. There is in fine no body which 
will not become opa(|Ue if sufficiently thick, and none that will 
not become more or less translucent if suflieiently thin. 

do. Since microscoj)ic (»bjeets are generally of extremely 
minute dimensions, they are all, with some few exceptions, suf- 
ficiently translucent to be rendered visible by a back light. 

It is M'ell known that many bodies, which are opaijue or nearly 
so, may be rendered tran-'lueent b}' saturating them with certain 
liquids. Tlius, us (*very one knows, paper, linen, and other 
l>orous Indies, wffiicli when dry ure imperfectly translucent, 
become much more so when w'ctted or oiled, or satunited with 
white wax. 

This general physical fact has special and important application 
in the preparation of microscopic objects, which are saturated, 
with various liquids, proper for each of them, by wdiich they are 
rendered translucent. 

When a translucent object is rendered visible by a back light, 
the intensity of the light must be regulated according to its 
translucency. The more translucent it is, the less intense must 
be the light. A strong back light thrown upon a very trans- 
lucent object drowns it, and renders it altogether invisible. The 
light must therefore be reduced in intensity by varjdng the incli- 
nation of the rerteetor, the distance of the lamp from it, and by 
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the interposition of smaller diaphragms, until tlie bc\st effect is 
produced. The observer will acquire by practice a facility in 
making these adjustments, so as to produce the desired r(‘sult. 

On the other hand, if the object be ven' imperfectly trans- 
lucent, the light thrown ujxm it must be rendered as intense as 
possible by the contrary arrangements. 

46. Different ])arts (»f the same object will generally have 
different degri'cs of transluccney, and it will often happen that a 
light wliioh would drown the more transparent parts will be no 
more than sufficient to display the more opa<pje parts. In such 
caH(\s tlic observer will have to vary the light according as his 
attention is directed to one part or the other. 

It must not bt? inferred that the darker parts are in this case 
really darker than those which are more transparent. The 
lesser degree of translucency more frecpiently arises from the 
different thickness of different parts of the object, the thicker 
parts absorbing more light, and thendore appearing of a darker 
tint than the thinner. If the varying transparency arisi‘ from this 
cause, th(‘ apparent lights and shadows or tints of colour must be 
taken as mere indications of tlu* ineipialilies of thickness of a 
body of which tb(‘ real (‘olour is uniform. 

The diftieulty which an observtT eiK'oiinters in ascertaining the 
real form of an obj(‘et, ;ind the aceidimts of its surface when seen 
in a microscope by a back light, is partly t)wing to the fact that 
the eye is habitnuted to view (d)jeets almost exelusi^ely by front 
lights, and the impri'ssions produced of their hums are always 
deductions of which we are rendered unconscious by habit, by 
wdiieh the characters of these surfaces are inferred from the lights 
and shadows which are impressed on the organ of vision. Not 
having the same habit of seeing objects by a back light wc cannot 
so easily make similar deductions, and we are apt to judge of the 
objects as if in faot they were illuminated with a front liglit. 

Tlio judgment is also more or less jierplexed, and deceived by 
the fact that mieroscopie objects are as it WTre jdaeed before the 
eye in an unnatural state of proximity, which give them a visual 
character totally different from that which objects have, viewed 
in the usual way with the naked eye. 

It must he evidiuit, therefore, how much attention and address 
on the |>art of the observer are indispensable to enable him to 
disentangle their physical causes from siieh complicated effects, 
and to give their appearances a right interpretation. 

47. If on object, of which the surface is marked by numerous 
inequalities and asperities, be illuminated by a light w hich falls 
jierpendicularly upon it, or which is scattered indifferently in all 
directions, an observer placed directly over it wdll be in general 
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unuhl<‘ to jK‘m ivc' the elevations or depressions, all being pro- 
jected upon the same grf>und-plan, and all being similarly illu- 
minated. But if the light fall ujwn it with a certain and regular 
oldiquity, lights and shadows will be produced which will enable 
him io infer the accidents of the surface and the real form of the 
object. , 

The due consideration and application of tliis general optical 
1.u t will enable the iiiii'roscopic observer to submit the object of 
his inquiry to such a visual analysis as will unfold at least a close 
ap})ro\imation to its real form. 

•IS. If the object bo viewed by a front light jirocceding from 
the concave mirror u m, fig. Id, or ntlceted by the Lieberkuhn, 
this elfoi't will not be produced ; for although the light reflected 
from the I.ieherkuhn is not perpt lulieular to the object, it is scat- 
tered in all possible directions, so as utt* riy to remove all possi- 
bility of lights and shadows. An expedient is sometimes adopted 
in which light jirojeeted h}* a eoiieavo mirror or kns, properly 
]>laei'd, is directed only on one side of the Lieberkuhn, w'hieh is 
necessarily jiroductiM* t»f lights and shadows. 

But the piirpo.se is much more simpl\ and eflectnally attained 
by removing the Lieberkuhn altogctlier, and directing the illu- 
iiiination with the necessary obliipiity u])on the objeet by means 
of a retleetor or lens placed as shown at m' m' or l t.. 

Thost* methods arc always jirneticahle except when a magnifying 
]»ower is used so high us to render it necessary to bring the objeet 
almost into contact with the object-glass, in which ease th(‘ 
mounting of tlie latter would intercept the light, wliether pro- 
ceeding lioiii the Lieberkuhn, the lens, or mirror. In such cases 
the objeet can only be illuminated by a hack light. 

if tlie object be illuminated by a hack light thrown obliquely 
upon it, the lights and shadows, strictly speaking, can only be 
]troduced upon the jiostcriur surface. Ne\crtheless, the light 
]»assing oblitpifly through tlie anterior surface will produce dark 
and light tints, according to the angle at which it strikes the 
several siqverlieial inequalities and accidents of that side of tlie 
object. It will be evident, therefore, that very eonqdicated efiects, 
in wliich the disentanglement of the forms W'hich jiroduce them 
is extremely dittieiilt, must ensue. 

Nevertheless, the attentive and practised observer, by presenting 
the illurainatiuu successi\ely in various directions, by properly 
varying it'* intensity, and examining the object as w'cll by front 
as by back illumination, when both are practicable, can generally 
aiTive at a pretty clear knowledge of its form and parts. 

40. TN^lieu the object is illuminated by a back light, optical 
phenomena, called diffraction and interference, are produced, 
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ogaintit whicli tlio observer must be on bis g^iard. The effects of 
these are to surround the outline of the object with coloured frinjjjes. 
By limiting the illumination as far os it is practicable to the object 
itself, so as to avoid the transmission of any light through the 
opening of the slide, except what may pass through the object, 
t^is effect may be diminislied or avoided. 

Indeed, for many reasons, it is advantageous to prevent any 
light from passing througli the slide, or througli the opening of 
the stage, except what is employed in illuminating the object. 
All sucli light is liable to fall in greater or less (juantity upon the 
object-glass, and, passing through it, has a tendency to render the 
image obscure and confused. For this reason, all extraneoiLs 
light whahiver should bo as far as |H>s8iblc excluded from the 
space around tin? microscope, for all objects on which such light 
falls will reffect a i)art of it, some of which may fall ui>on the 
object-ghiss. 

50. When tho light of tlie sky or clouds is iisi^d, an aperture 
may l)e made in a window-shutter for its admission, all the other 
windows of the room being closed, and the light proceeding 
from tho aptTtun^ being recei\cd upon the mirror or lens, by 
which it is directed and condensed upon tlic ohjecjt. The light 
of a white (doud, strongly illuminated hy the sun, is g(‘norally 
considered the bt‘st form of day-light which can ho used, and 
that of a blue serene sky the worst. Observers differ as to the 
direct light of the sun, some maintaining that in no case what- 
ev('r should it ho used, 'while othtTs give it a ])reference for 
minuto objects seen under high powers, and therefore requiring 
intense illumination. 

Tln^ liglit retlected from a white wall upon which tho sun 
shines is a good source of illumination. 

ol. If artificial light be used "udUi low powers, a common sperm 
candle will serve well enough, hut means should be adopted to 
preveut the fiickering of the llame. 

Au ai’gaud lamp, however, is, in all eases, preferable, as giving 
a steady iiivoi-iable light. It will be improved if good olive oil 
be used instead of the fish oil. 

The llame j)roduced by the liquid known as camphinc is 
csjR'cially pure and white, and well fitted for microscopic 
researches. 

Whatever be the artificial light used, it ought to he surroimdcd 
with a shade, and so placed as to fall only upon the mirror or 
lens by which it is directed to and condensed upon the object. 

52. It is advantageous to protect the eyes of the observer from 
extraneous light: the most simple and convenient method of 
effecting which is by a circular blackened pasteboard screen 
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about a foot in diamctrr, having a hole in its centre, through 
which the tube of the eye-piece is passed. This screen is then 
at right angles to the axis of the body of the instrument, the 
rye-piece ]>rojecting about an inch from it. The observer looking 
into the eye-glass with one eye, need not incur the exertion and 
fatigu(r of closing the otlier, since the screen performs the office oi‘ 
the eye -lid. 

The mirrors are sometimes made with a concave glass at one 
side, and a plane glass at the other, the latter being used when 
condensation is not required. A disc formed of plaster of Paris, 
reduced to an extremely even and smooth surface, either plane 
or concave, is sometimes used with advantage when a soft and 
mild light is required. Nearly the same effect may be i)roducod 
by placing a dis(‘ of white ( ard upon the face of the mirror. The 
illumination by a ]>iick light is attended with a peculiar advan- 
tage, inasmuch as it displays the internal structure of objects, 
and, in the ease of organised hodie.s, supplies beautiful means of 
exhibiting the cireuhition; as, for example, the circulation of the 
blood ill animals, and the sap in vegetables. In the case of certain 
animaleules, it shows some living and moving within the bodies of 
othcTs. 

ud. The following observations of Mr. Pritchard are worthy of 
attention: — “We must consider that in all bodies viewed by 
intercepted light, there is, properly speaking, neither light nor 
shade, in the ordinarj- aeoeptation of tliese terms ; there arc only 
dark and light parts, which again assume new aspects as the light 
is more or less direct or oblique. Thus depressions on transparent 
objects are almost sure, under the action of oblique light, to 
assume the effect of prominences ; but prominences seldom or 
ne\ er liave the semblance of depression. As almost all diaphanous 
bodies can be examined as opaque objects, a scrutiny of them in 
this way will generally he found greatly to assist our judgment 
euuciTning their nature, whether they admit of being cut into 
.seotion.N or not. It would be easy to write a volume on this 
subject only, if we commenced an iUustrution of particulars which 
could not be rendered clear and satisfactory without a vast number 
of tigures. Long practice must, after all, determine our opinions, 
and scepticism should ever form a leading feature in them; we 
should suspect rather than believe, 

“ Opaque objects are not, upon the whole, so liable to produce 
optical deceptions as transparent ones, because we are mf)re in the 
habit of viewing ordinarj^ bodies by reflected or radiated light. 
The most common illusion presented by them is that of sho'wdng a 
basso- relievo as an alto-relievo ; the reverse deception sometimes 
occurs also, but more rarely. This eftect occurs in ordinary objects 
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viewed by the naked eyes, as well as in microscopes, especially if 
but one eye is employed. Thus, if we look intently for some 
time at a basso-relievo (a die of a coin, for example), illuminated 
with very ohlujue liyht, it at Erst appears in its true character ; 
but, after a little while, some [Hjiiit on which we more particularly 
direct our fjozo will begin to appear in alt^ the wdiole rapidly 
follows ; in a little time the cflect wears off, and we again see it 
in bas-relief ; then again in alt; and so on, by successive fits. 
This deception arises from the simple circumstance that the liyhts 
and shades in bas-relief are very nearly lihe those of an a/to~ 
relievo of the same suhjeety illaminated from the ojijtosite side : 
our understanding in this case instiintly corrects the false testi- 
mony of the eye, W’heii wc eonsider from irhteh side the liyht 
comes, (If we observe with a inieroscoj)e, we must n'liiember tliat 
its image is invcrU‘(l, and that in conse»|uenee tlie light must be 
considered as juocceding from the side of the iiehl <jf >iew oppo- 
site to that where the source of illumination actually exists.) It 
will also bo highly advisable, when we are in doubt as to the 
manner in wliich an instrument shows jaoniiuenees and di pres- 
sions, to verify its vision by (observing soiiu^ hnoan object with it, 
of the real slate of which, as to inequalit} of surface, wc June 
been ])reviously informed by tin* sense of touch, to which it bus 
been well said there is no fellow/’ * 

* We usually see objects illuiiiinait‘d from (dtort with the shadons bchur 
the proud neiu’cs ; iiom, unless the light is below nn oiMMjue object, wIumi 
wo view it in au eiigis<.‘oiK*, we shall see the sltaitnivs ttbur<\ giving the 
prominences the aj»]»eiu’aiice of deprcssitujs, and jneduciugu very unnatural 
effect.” 
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Illumixatiox, by cups or silver specula, does not produce these 
illusions, because they create no shade — the whole object is one 
moss of intense light ; other false perceptions are, however, occa- 
sioned by them. Thus, all globular bodies, having ]K)lishcd sur- 
faces, reflect an image of flie cups, and the Kpout^ if there is one, 
appears as a dark spot in the centre. The eyes of insects, illumi- 
nated ill this way, show the semblance of a puj)il in the centre of 
ea(}h lens, which deception may be verified by examining small 
globules of mercury in the same manner. Spherical bodies, with 
bright surfaces, will even, on some occasions, reflect an image of 
the object-glass and its setting, on the ‘samt* principle ; so that 
we must ])erpetually (ionsider the laws of the refraction and reflec- 
tion of light, in all the conclusions we draw from the evidence 
even of the very best instruments, used with everj* possible 
j)recaution. 

** Ijastly, it must be observed, that in using microscopes, wc 
must never attempt to verify an object concerning which w<* arc 
uncertain, by increasing the depth of the eye-glass immoderately, 
so as in this way to obtain a vc*ry high power. A negative' eye- 
glass, of about onc-foiirth of an inch focus, is the deepest which 
should ever ho employed, even wdth a short body; for a microscope 
only shows a picturo of an object, and the more it is amplified the 
more its im]»orh‘ctions im* developed. It is, on this account, 
much safer to trust to niodcrati* pown^rs in these instruments, in 
pr<‘forencc to high ones, unless they are obtained throuyb the 
nteditim of the depth and power of their oh/eriire part. It is the 
naturii of deep (‘vo-pieces to cause all luminous jxiints to swell out 
into discs, and to render the image soft, diluted, and nebulous, 
at length all certain vision fades away, and the imagination is 
left to its uncontrolled operation, »Siiigle and compound niagni- 
tiers, liaving to deal with the real object, may be made of any 
power wdiich can bo used ; and if our (‘yes are strong, and habi- 
tuated to their use, wt may place great reliance on their testi- 
mony ; hut w’c must never allow them to persuade us to believe 
marvels w'hich are manifestly impossible, or contrary' to the known 
laws of nature and right reason.’’ 

MEAsrilKMKIsT OF OIUKCTS. 

d4. Tlic determination of the real magnitude of microscopic 
objects, and that of the magnifying pow’er of the instrument, are 
problems closely connected but not identical. Either may be 
solved independently of the other. 

55, If two objects be placed at the same time within the field 
of view, the real magnitude of one of which is known, that of the 
other may be at least approximately estimated by comparison. 
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"in* thi y arc cinially magruiticJ, tWir real will be iii the jiropor- 
tiuu of tin ir apparent inaptitudes. If, tluTcforc, they ap^K^ar 
filial, tiny will be and if that which we desire to measun? 

ap|Kar to he twice or half the size of that whose magnitude we 
know, its real magnitude will Ih^ twice or half that of the latter. 
Mu'h was the mierometric methcnl used ])y the earlier obser\( rs. 

Ii«'W( iih(K‘ek proeurod a number <if minute grains of sand, 
n^ibiy 4*4Uitl in magnitude, and ]daciug as many 4)f them in a 
liin , and in eontaet, us exti-nded over the length of an iucdi, he 
< I tallied the frai'tioii of an imdi, Avhii h i xpressed the diameter 
of ea<*h, AVheii he di sired to ascertain the actual magnitude of an 
obj. ft seen with liis iiiicroseope, lie placed one of tliese grains 
biMib* it, and estimated by eomparisoii the magnitndo of the 
toriner. 

N'arious natural objict^^, wliose magnitudes uvv known, and 
w hich aif Mibj* ct to no j>ereeptible \ anal ions, such as thesporules 
of Lyeop« rdon hovista or juitf-ball, w hose diaimter is the HoOOtJi 
«1 an inoh, those of the lyi'opodinm, which measures flu* 040th 
of an iueli, and otliers such as liair, llie lilaTm nts of silk, flax, 
and cotton, and the globules of blood, have been suggesUsl us 
standard nn asures to b<‘ biniilarly used. 

More modern observers, adliering to th<' same method, have 
hubstitutt'd artiticial for natural standards. Tims extremely fine 
wile, called ikieronietrie wire, has been used. Tliis wdre can he 
drawn with an astonishing degree of tineiiess. I >r. AVollaston 
iinented a process by which jdatinum wire was i)rodueed, whose 
thickness was only the d00(M)th part of an inch." 

oO. Such nieasurements are now’ more geuerall} made by means 
ol a minute scale engraved on glass, w itli a diamond point. Let 
ns sup|HJse, fur example, a line, the 2()th of an inch in length, 
tracfd across the centre of a glass disc, set in a thin brass plate 
of the si/o and form of the sliders on wliieli objects are mounted. 
Let tins line be divided into 1^0 equal parts, evdy tifth division 
being distinguished by a longer line, and every tenth by a still 
longer one. Laeh of these divisions will be the 2000th pai’t, 
the intervals between the fiftli divisions w’ill be 400th, and that 
between thf tenth divisions the 200th part of an incli. This 
microscopic scale will be seen magnifled with the microscope, and 
any mieroscojiic object laid upon it w ill be seen cquaDy magnifled, 
so that its dimensions can be ascertained by merely counting the 
divisions of the scale included between those which mark its 
limits when placed in diflTerent {lositions on the scale. 

It may perhaps be thought impracticable to make divisions so 

* Haudbook oi Nutaral rhilosophy, 2d e<liti»)n, Mechanics, 58. 
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minute upon the glass, with the necessary precision, especially 
when it is remembered that any error or inequality will necessarily 
be augmented in the exact proportion of the magnifying power 
with which such a scale is seen. Nevertheless this difficulty has 
been most successfully overcome, and combinations of screws and 


Fig. 24. 



wheels have been contrived, by which the diamond point is moved 
by self-acting mechanism, so as to trace the successive divisions 
of scales of astonishing minuteness. S<‘ules arc thus pniduced, 
the divisions of which are no greater tlmn tlu' part of 

an inch. 

This extreme mimiteiK'ss is, howtwer, rarely necessary or desira- 
ble in microscopic researches, and the di\isionH of the scales in 
more common use vary from the lOOOtli t»> the 2()0()th of an inch. 
In the scales didivcri'd with moderately good French instruments, a 
millimetre is divided into one hundred parts. A millimetre being 
about tin' 2oth of an inch, these divisions would therefore he the 
2o(M)tli of ail inch. (See Trai t on Microscopic Drawing and Kii- 
graviiig, ^luseum, vol. vi.) 

The proci^s described above, in which the ohjei't is measured 
by superi>osition iqnm the microraetrie scale, is attended with 
several jiractical difficulties and objections. The object, when 
thus placed, is always nearer to the object-glass than the scale, 
and when it is in focus, the scale is out of focus and invisible ; 
and, on the other hand, when the scale is in focus, tlie object is 
out of focus and indistinct. 'When low* iH)Wers only are used, 
this ditfereneo between the focus of the ohjoet and that of the 
scale being inconsiderable, will not prt'vent the success of the 
operation ; but w'heii the powers arc high, it can never be satis- 
factorily, and sometimes not at all eiteeted. 

There is still another objection to the process. The placing and 
displacing of objects frequently on a surface so delicately engraved, 
subjects it to friction, which soon sjwils and effiices the divisions. 

If the divided surface be protected, as it may be, by a plate of 
glass laid n|X)n it, the difference between tlie distances of the 
object and the scale from the object-glass is augmented by the 
52 



MKASUKEMENT OF OBJECTS. 


of the jrlass whieh covers the scale; and however thin 
this may be, where high powers are used, it will rtmder the 
dirt' of the foci of the scale and the object so sensible, that 
tie V » an IK ver be both seen with sutludcnt distinctness at the 
‘am* time. 

."» 7 . We know no greater example of the inexhaustible resources 
r f art. and the untiring zeal with which its cultivators minister to 
the wants of science, than the wonderful ])erfection to which the 
im cliaiiieal division of a mate rial so fragile as glass has been 
earrird. For the reastnis we have here stated, as wcdl as because 
in the ajijdieation of tin' highest magnifying pc^wers the object - 
glass of a mieroseojx' reijuires to be almost in eontact with the 
oh)e(*t, without aetually touehing it, Tnicroseo]»ists recpiired 
v.\treinel\ thill platen id' glass to cover delieati' oljecds mounted 
I'll thi ir slidi s. Mt‘ssrs. ( hama- of Birmingham responded to this 
demand hy tlu‘ prodiietion of ]»lates of glass so thin, that tim e 
hundred of them ]dled one upon the other are no higher than 
an iiieh. 

For exainpU s still more striking of the minuteness with whieli 
lines may he traced iijion glass by mere meehanieal proeosses, we 
may reler the reader to that j»art of our 'rraet u[)on Mieroseopic 
Brawiiig and Kngra\ing, in which the test ]»lates of Mr. ^’obe^t 
are deserihed. 

oh. (Jne t»f the most evident <‘vpe(lients for tin* measurement of 
mieros(*opie ohjeets would seem to he tin* micrometer s<*rew', which 
is appliul with so much success, and with results of such extrenio 
jin eision, in astronomii-al instruments. Various methods of apply- 
ing It to the microscope will suggest theinselvi s to (‘very one wdio is 
iaiuihiir with its uses in the observatory. Let two tilameiits of 
spidvr’s Web, or mieronudric wire, be extended at right angles 
aeros'. the field in the focus of the 
< \ e- pn cu. These w ill divide tin* Held 
hon/oiitally and viTtieally at right 
aiiulo, iuter*iecting at its centre, a', 
shown 111 Hg. Uo. Now suppose 
the stage '•upjMirting the object is 
capable of being moved hy a micro- 
meter screw, having for example 
one hundred threads to the inch, 
lx*! the object l)e placed Hrst so that 
itN length shall K* horizontal, and 
let the slip be adjusted so that 
the Vertical micrometric -wire 6 
shall coincide wiUi one of its extremities. the micrometer 

screw be now turned so that the object shall move horizon- 
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tally. It will appear to pass gradually under the vertical wire 
until its other extremity shall coincide with that wdre. If then 
tho number of complete turns, and parts of a turn of the screw 
be counted, the length of the object then will be knoAvn. Thus, 
if at the end of every eorajdctc turn, the screw produce an 
audible sound like tin* tick of a clock, the observer can count 
the complete tui’iis, and if the circuTuferonee of tlie head hr 
divided into 100 parts, and that an ind(‘\- be fixed upon the 
atage to indicate tho j)osition of the head at the eommenoe- 
raont, the decimal jmrts of a turn can !>(» ascertained, eaehdmsiou 
of the head corresponding to the 100th 2 >art of a complete turn, 
and therefore to the 10000th of an inch. 

Ily turning the stage* so that the* se.rew will cause the object 
to move across the held in the direction of tlie vertical wire, its 
dimensions in the other direction can he ascertained. 

5t>. A simple and ingenious micrometer for nse*e‘rtaining the 
dimensions of such objects as would be'ur a slight pre‘ssure without 
change of fe>rm, was invented by M. Le Raillif. A plan and 
vertical seetiem or side* view of this are shown in fig. ‘2(>. 

Two ujiright pi<*cos, e c, are fixed in a slip of e'ojipe'r, formed 
like one ed the slides, lia>iiig a eire*ular he>le in its centre, in 

Fur. li(5. 



which is set a idatc of glass, on hieh a scale* o is engravt^d. 
Ujiun this i^. placed a luoveuble piece, <• c, liaviug a similar hole 
and jdate^ of glass, with a fine line engrave d njion it at riglit angles 
to the scale, so that when it is moved from left to right this fine 
Ime will cenneide necessarily with all the divisions of the scale. 
From this piee*e, two i*ods preiceed, which jiass through holes in the‘ 
upright pieces < c, and one of them is reacte'd upon by a piece of 
watch-spring, /, while the otlier abuts against the end of a fine 
screw, /, which moves in a nut, #7. 

When an object is to be mcasurc*d, the index line upon the 
upper glass disc is brought to coincide wdth the first division or 
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7k. ro of the scale by turning the head / so as to cause the screw to 
retire from the piece e c, the spring / then pressing this piece to- 
wards tlie screw.*. The object to bo measured is then inserted 
between the end of the rod projecting from c and the sert'w, and 
eons(‘tjuently the piece e e and the index line engraved ujwn it 
will be pushed from left to right through a space equal to th(‘ 
thickness of the object. This thickness maj' then be ascertained 
b^ observing with the microscope the di\dsion of the scale to 
which the indicating line has been advanced. 

(W). A micrometer, having soim* rt‘semblance to this, but made 
more applicable to tbo general jmr|K)Sos of microscopic mcasure- 
nu nt, has lately been contrived by Mr. Jackson, a description of 
which juiblished in the “Transactions of the Microscopical 
Society.” 

A disc of glass, upon wliich a mierometric scale is engraved, is 
St t in a thin plate of brass, which moves with a sliding motion on 
another plate, in which a corresponding hole is made. The former 
i" like that of M. Le Itaillif, urged by a line screw in one dircc- 
and driven back by a spring in the other, as shown in fig. 24 . 



J his micrometer slide is inserted in the tuhe of the eye-piece by 
oixuiings in the sides of the tube, as shown at 7n in fig. 27 , which 
oiienings can be closed when the micrometer is not used bv slidino- 
covers, as shown at a, fig. 28 . ‘ ® 

It is easy to see how this contrivance is applied. The scales 
magiuficd by the eye-glass are projected upon the optical image of 
the object produced by the object-glass, and this image may be 
made to moy so as to bring its extremity to coincide with the first 
division of the scales. The scale will then show not only the dimen- 
sions of the entile object, but those of its parts. The object may 
be turned in any direction relatively to the scale that may be 
desired, by means either of the hand or the stage adjustments. 
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It is necessary, however, before applying this micrometer to 
the measurement of objects, to ascertain the value of the divi- 
sions of the scale relatively to the object, sinie the immediate 
subject of its measurement is, not the ol)ject itself, but the optical 
image of the object produced in the focus of the eye-piece by the 
object-glass ; and this preliminary valuation is the more necessary', 
inasmuch as the relative magnitude of the image, compared with 
that of the object, will vary with the jiowtT of the object-piece. 

To ascertain, then, the value of the divisions of the scale, let 
another inicrometric scale, the divisions of which are known, be 
placed upon the stage. An image of this scale, magnified as that 
of an obj(!ct would be, will then be formed in the focus of the 
eye-piece, and the other scale will be seen projected upon it. Let 
the j)Osition of the two scales be so adjusU'd by the stage arrangt*- 
inents thal Ihe first division of the one shall be projected on the 
first division of the other, lly obser\ ing then the next divisions 
of the two which coincide, the relative value of the scales will he 
known. Thus if t(ni divisions of the eye-pi(‘ce scale exactly cover 
100 divisions of the other, and if each diA-ision of the latter be the 
1000th of an inch, oiu* division of the eye-j>icce scale will corre- 
spond to the 100(H)th part of an ineli in the dimensions of an object. 

It is evident that tlie value of the divisions of the scale should 
be determined for each objeet-pieee which the observer uses. 

01 , The combination of the camera lueida with the micro- 
metric scale has supplied a very simple and convenient method of 
measuring miero8Coj)ic objects. 

It has been shown iu our Tract ujKin The Camera Lueida, 
that by that instrument the image of an object magnified in any 
desired proportitm can In* thrown ujKin a sheet of paper ujioii 
which its outline eau be traced. The micronietric scale is first 
thus projected, and its divisions, or as many of them as are con- 
sidered necessary, are traetnl upon the i)uj)cr. Another similar 
series of divisions being traced at right angles to the former, tin* 
jiort of the })a()er corrosjKUiding to the field of view is divided into 
a system of squares, like those into which a map is di\'idod by the 
lines of latitude and longitude. The niicrometric slide being 
removed from the stage, the slide with the object is substituted 
for it. Olid Uie observer sees the image of the object similarly 
magnified projected uj>on the paper, already spaced out by the 
squares. He can therefore count the number of squares occupied 
by its length and breadth, and by the length and breadth of its 
several parts, or, better still, he can trace its outline upon the 
paper, so that its dimensions and those of all its parts can be 
exactly ascertained. Thus, if each division of the scale is the 
1000th of an inch, the side of each square uill represent the 
50 
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lo(M>th of an inch, and these sides may themselves be easily sub- 
divided into ten or 1(H) jmrts, so as to carry the measurement to 
KHMXHhs or ICKHKMlths of an inch. 

In li^. liO the held of view is represented spaced out in this 
manner, with the outlines of objects traced upon it. 

Snell a scale once drawn upon the paper, will st'rve for the 
measurement ot any objects which may be submitted to the 
iiiieroM^!OjH' ; but it is most essential that in all such measurements 
ihe paiM-r lie kept at exactly the same distance from the camera, 
and that neither the objeet-^lass, the eye-prlass, nor the stage 
shall butfer any change in their relative positions. 

Fig t>y. 



It has U*en shown that the magnitude of the imagi* received on 
the fuijKT increases \idth the distance of the paper from the 
camera. If, therefore, the paper be placed at a greater or less 
distance from the camera to receive the image of the object than 
that at which it was jdaced to receive the image of the micro- 
metric scale, the image of the object will be produced upon a scale 
greater or less than that on which the image of the microraetric 
scale was produet*d, and consequently the one cannot be taken as 
a measure of the other. 

It any change be made in the relative positions of the eye- 
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piece, object-piece, and stage, a corresponding change would b(‘ 
made in the magnifying power of the instrunjont, and a conse- 
quent change in the dimensions of the picture of any object 
projected by the camera on the j>aper, though no change be made 
in the distance of the pajHjr from the camera. 

In lin(*, the method of measuring the actual dimensions of a 
microscopic object by moans of a scale drawn with the aid of the 
camera, recpiin^s tluit the instrument and the j)aj)er shall be in 
precisely the same state when the image; of the olyect is projected 
on the paper as they were* when the scale was drawn upon tho 
paper. 

If this (jondiiioii bo observed, measurements can be made by 
the camera with all tlie necessary facility and precision. 

(>2. In microscopic researches it is frequently necessary to 
measure the angles at which the lines which form the contour of 
objects arc inclined to each other. Various forms oi poniomrters ^ 
have been contrived fi»r tliis jmrjiosi . One of the most simple 
and convenient of these consists of a eireular ]>late of brass c c, 
tig. JIO, having a central op(‘uing in whi«‘lj a dis(‘ of glass is set, 
on which a diameter d h is engraved with a diamond i>oii)t. 
Upon this, and ooncentri(; with it, another similar ])late, toothed 
at the edg(', is phu^ed, having also a disc of glass of the same 
magnitude s(;t in it, with a diameter a c in like manner engraved 
upon it, Uj)on the j)late <* (' an ear is east, in which a pinion U 
inserted, which, working in the teeth of the second dise, ghes it 
a motion round its eentro, hy which the diameter a c is madt‘ 
bUC(H‘ssivcly to assume all jKcssible angles M ith the diameter d h. 

This piece is inserted in the eye-piece a w, a side view of wliich 

is shown in tig. .‘U, so as to bo 
concentric with the lenses, and 
to coincide with the focus of 
the eye-leiis. The lines a c 
and h d will then he seen pro- 
jected on th(* image of the 
object, and if the vertex of the 
angle it is desired to measure 
be brought, by ineaiis of tlio stage adjustments, to coincide 
with the et'iitre o of the disc oh c d, where the two engraved 
diameters intersect, and so that one side of the angle to be 
measured shall coincide with the fixed line d />, the line a c can 
be turned by the pinion until it shall eoineide with the other 
side. A gniduated circle w'hich surrounds the disc will tlieu 
show tlie magnitude of the angle at which h d and a c are inclined, 

* From tlif Greek vord ySyv knee, 
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TUK MAGMFYlNti TOWER. 

();{. Jt has be('n well said, that a question clearly ]nit is lialf 
resolved. There is no term in microscopic* nomenclature so 
familiar to the ear, and so tiippant on the tongue, as the* “ magni- 
fying power;” yet there is n»me respecting which there prevail 
so min h confusion and obscurity. Tho chief cause of this is the 
neglect of a clear and distinct definition of the term. 

It has bei n already shown, that tlie magnitudes observed witli 
flic niierosco]>e are visual, not real. Wo can say that siicli or 
such an object seen in the microscojie has a magnitude of so many 
degree*', but not at all one of so many inches. Strictly speaking, 
the same i?> true of all objects s(‘cn in tho ordinary way ; but in 
that ca^c the mind is liahituatcd to form an estimah* of tlioir real 
magnitudes, by eombining the consideration of their apparent 
magnitudes with their distanei's. It is trin* that we .are unooii- 
seious of the mental operation from whi(‘h such estimates result, 
but it is not the less real. (.)ur unconsciousness of it arises from 
tlic force of habit, and tlie great quickness of the acts of the 
mind. Kvery one who lias lieen familiar with intellectual iiheno- 
mena knows that such un(*onsciousncss is found t^^ attend all such 
acts as are thus habitual and rapid. 

hi. ]5ut when objects are looked at in a nncroscope, the mind 
not only does not ]»ossess the necessary data to form such an 
estimate, hut the conditions under whieli tho visual perceptions 
art' formed arc so unusual, and, so to sjieak, unnatural, that it is 
incapacitated to form an approximate estimate evt n of the visual, 
to say nothing of tlit? real, magnitude of the object of its 
}H'rc(‘ption. 

The ^ isuul magnitude of an ohjeet, a* seen in a microscope, is 
the angle of divergt net' of lines supposed to he drawn from tlic 
eye to the limits of the imaginary image formed by the eye-glass, 
which is the immediate ohjeet of i>erception. When wo say, 
therefore, that the instrument has such or sueli a magnifying 
powrr, every one will comprehend that it is meant that this visual 
magnitude is so many times greater than tlie isual magnitudf' 
which the object would have, if it were seen in the usual way 
without the interi>osition of any 9 ptical expedient. 

far all is clear, and so far there can he no difference of 
opinion on the point, provided only that tho latter member of the 
sentence l>c* clearly defined. What is the “visual magnitude 
seen in the usual tray There are many ways of looking at an 
object, and “the usual way” depends much on the magnitude 
of the object. We can sec well enough the dome of St. Pa ill’s 
Cathedral at the distance of half a mile, while we cannot see a 
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small insect at the distance of a yard. The same object may be 
viewed at diilcrent distances, and will have different visual mag- 
nitudes, these magnitudes being greater as the distance is less. 
The visual diamct<;r of a small object, seen from the distance of a 
yard, is three times less than when seen from the distance of a 
foot. It apjKars, therefore, that the “visual magnitude of an 
object seen in flie usual way with the naked eye,” is a term of 
comparison wliieh, without soint* further condition to limit it, has 
no fixed meaning, and eonse((uenll 3 " leaves the “ magnifying 
power” of wliieh it is made tlie standard, altogether vague and 
indefinites 

C5. The visual magnitude therefore whicli is made the standard 
of magnify ing power, must be the visual magnitude at some 
arbitrary distaiicii (join entionally assumed. As we have already 
stated, it has b(;en generally agrei^d, siiiee micrograpliy has taken 
the rank of a special hraiieh of scii iice, to adopt ten inelies as the 
standard distance. This distaiiec is recommended not merely on 
account of the arithmetical facility whiidi arises out of its decimal 
cliaracter, hut because it agrees suflieiently for all practical 
purposes with the standard deri^ed from tin* measures of other 
countries, Tn France, for example, the standard usually adopted 
is twenty-five <H‘utiiiietivs, which is e<|ual to b'427 inelies, being 
less than ten inches by only about the sixth of an inch. 

According to this convention, then, tlie magnifying power of a 
inicroscojie would be the number of tinu s tlie visual diameter of 
the object view(?d with the iiiieroseojie is greaU'r tlian its visual 
diameter viewed by an eye placed at ten inches from it. Thus, 
if the visual diameter of an object seen at the distance of ten 
inches he fifteen minutes of a degree, and tlio visual magnitude of 
the same object seen with a microscope be two and a half degrees, 
or lot) minutes, the magnifying power will be ten. 

Hut an objection will even still be raised. The object may be 
so small that at the distance of ton inches it would not be visible 
at all with tlie nuked eye. Tsay, it may b(‘, and in the case of 
microscopic objects often is, so minute that it would not be jier- 
ceptible to the naked eye at any distance, liowever small. In 
that case it may be asked, What is to be understood by “ its visual 
magnitude at the distance of 10 inches i"” 

This point will require some explanation. There is a certain 
limit of magnitude within which an object will cease to make any 
sensible impression of its magnitude or form upon the eye. This 
minor limit of magnitude varies with different individuals, and, 
in the case of the same individual, witli difterent objects according 
to their colour, illumination, the ground on which they are pro- 
jected, and many other conditions which it is not here necessary* to 
(30 
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discuss. It will suffice to say that there is such a limit. If the 
visual angle formed by lines diverging from the eye to the extre- 
mities of the object be within this limit, the object will not bo per- 
ceived ; or, to speak with more rigour, its magnitude and form 
will not bo perceived.* 

In such cases, therefore, the visual magnitude of an object, 
without the inU'rvention of the microscope, must be understood 
to mean the angular divergence of the rays which would bo drawm 
trom a point placed at ten inches from the object to its extremities. 
This would Ix' the visual magnitude of the object “ if it could he 
m n ” at that di'^taneo. 

Jn tiiic, therefore, the definition of tho magnifying power of a 
miiToseojie wdll he ch ar, distinct, and adequate, if it he stated 
tlius : — It is the quotient which would be obtained by dividing 
th<' vi'^ual magnitudi* of the object, as seen in the microscope, by 
t)ie visual magnitude w'hieh tho object would have to a naked eye 
placed at ten inclios distance from it, su])posing tho eye to have 
siilHcicnt sensibility to perceive it at that distance. 

Kverj* one is more or loss familiar with real magnitude, so that 
when an object of ordinary dimensions is phiced before them they 
can give at least a rough estimate of its actual dimensions. The 
same facility of estimating visual magnitude does not exist, 
although, in fact, wo receive the imprcjssions of visual much more 
lre(]ueiitly than those of real magnitude. The estimate of visual 
magnitude, however, enters into all microscopic inquiries as an 
( l(*ment and condition of such importance, that all those wdio ust- 
the instrument, whether for the purposes of serious research or 
rational amusement and instruction, would do well to familiarise 
themselves wdth it. Some obsiTvations illustrative of such sen- 
sible im])res8ions w ill therefore, w e presume, be not unacceptable 
to our readers. 

bb. Our great familiarity with real magnitude arises from our 
intimate knowledge of certain standard units by which it is 
eouutid. There is no one, liow'ever little educated, that has not 
a ])retty clear notion of tlie length expressed by an inch, a foot, 
and a yard. I^t us see whether wx‘ may not enable any one with 
eomraun attenti()n to acquire an equally clear notion of the 
standard units of visual magnitude. 

Kvery one is familiar w'ith the apparent magnitude of the disc 
of the tull moon. It is visible to the whole world, and seen for 
several nights in each month during the entire life of every indi- 
vidual. Now it happens that the visual magnitude of its diameter 

* The fixed stars are visible as mere luminoas points, but their fjrms 
and magnitudes are nf>t perceivable, owing to the extreme smallneMS of 
their visual angle p^^AUlced by their enormous distances. 
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18 just half a degree^ which means, that the angular divergence of 
lines drawn from the eye to the extremities of the diameter is the 
same as that of two lines drawn from the centre of a circle to the 
extremities of an arc, which is the 7‘2()th part of t)ie entire circle, 
i'very one, therefore, wlio is familiar with the appearance of the 
full moon, will he as familiar with tlie meaning of a visual angle 
of half a degree, and, consequently, of a degree as they are with 
the real magnitude of an inch or a foot. 

The distance (jf the moon has been ascertained to be 120 times 
its own diameter, and it is evident that any circular disc whatever, 
whose distance from the eye is 120 limes its own diameter, will 
have a visual angle equal to the diameter of the moon, and there- 
fore to half a degree; and, consequently, one whose distance is sixty* 
times its own diameter, wmuld hav(‘ a visual angle of a degree. 

Thus, in tig. d2, there arc live wdiite discs shown upon a black 
ground : the diameter of the first is the (ith of an inch ; that of 
the second, the 12th : that of the third, 
the 2r>th ; the fourth, the oOth : and 
the tilth, the 100th. If these be held at 
ten inches from the eye, the fu’st disc, 
A, Avill have a visual angle of 1 : the 
second, u, one of dO' ; the third, C, 

, about lo'; the fourth, J>, 7|'; and, in 
’ tine, the fifth, K, 

It follows, therefore, that an object 
a which when viewed with a magnifying 
power of 1000, appeiu’s with the same 
, 'visual diameter as the moon, or as the 
® disc «, fig. 32, placed at 10 inches from 
the eye, must have a real diameter no 
^ greatcT tliaii tlie 12000th part of an 
inch. 

Having familiarised himself with 
some such standards of visual magnitude 
as these, and once knowing the magnifying power of his instru- 
ment, an observer can easily make a rough estimate of tlie real 
magnitudes of the objects under view. 

67. But for this, as well as many other jmriKises of microscopic 
research, it is necessary tliat the actual magnifying powder of tlie 
instrument be ascertained. 

The most simple and direct means of accomplishing this are 
supplied by the camera lueida. 

* More strioily 57*3 times ; but the round numljer will he sufficient for 
the above illustration. ♦ 
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I.it a micrometric scale, such as we have already described, be 
] 'laced on the stage, the instrument focussed, the camera attached, 
and a sheet of paper placed at 10 inches from it. An image of 
tlio scale being see n on the pa|»er, let any two contiguous divisions 
ot it be marked wdth the pencil. Let the distance between those 
marks be then exactly measured, and let it be divided by the 
actual length t)f the divisions of the scale. The quotient will be 
t)io magnifying power. 

Thus, for example, lot us suppose that the micrometric scale is 
the 2'»th part of an inch, and that this length is divided into 100 
parts, each of these parts w’ill be the 25(K)th part of an inch. Now 
suppose that it is found that the distance betw'ecn the images of 
two contiguous divisions on the paper, is four- tenths of an inch. 
It will follow that the visual magnitude of a division of the scale 
is niagnilied in the jiroportion of to that is, as 1 to 1000. 
The magnifying power would therefore bt; a thousand. 

There arc other methods of ascertaining the magnifying pow'cr, 
but this is so simple, so easily prtKluced, and so precise, that wo 
shall not detain the reader by any notice of others. 

Microsco]>cs being generally supplied with several object- 
glasses, and ev('-pieet‘s, the observer and amateur would do 
>vt‘ll once for all to ascertain tlio magnifying powers of all tlie 
j)ossihle combinations of them, and to tabulate it and keep it for 
jvference. 

b8. It is often asked, AVhat are the dimensions of the most 
minute ebjeet which a nn(‘roscoj)e, liaving a given magnifying 
power, is capable of rendering distinctly visible 

The answtu* to this question will depend on the answer to 
another ; AVhat are tlie least dimensions of the same object, W'ith 
which it would be distinctly visible, at ten inches distance, with 
the naked eyt? 

Whatever he the latter dimensions, the former will be just so 
many times less as there are units in the number which expresses 
the magnifying power. 

Thus, for example, if the smallest linear dimensions with 
whieli tlie object could be distinctly seen without a glass at 10 
inelies distance W'erc tlie 300th part of an inch, a microscope 
having a magnifying power of 000 w'ould render such an object 
equally visible if its linear dimensions w'ere only the 3(K) x 000 
=:1500(K)th )>art of an inch. 

It is generally considered that the smallest disc of which tha 
form can be distinguished by the naked eye, being properly con- 
trasted with the ground upon which it is seen, is one which would 
have a visual angle of one minute ; and since a line measuring 
the 360th part of an inch, placed at ten inches distance, would 
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have that visual angle, it would follow that the smallest object 
of which the form could be rendered distinctly visible by a 
mioroBOope of a given magnifying power, would be one whose 
linear dimensions are as many times less than the 360th part of 
an inch as there are units in the number expressing the magnify- 
ing power. 

It must not be forgotten, liowever, in considering such points, 
that the smallest object whose form can be distinctly seen at a 
given distance without a glass, depends on many conditions, some 
connected with the object, and some with the observer, as has been 
already stated. 

Many persons fall into the error of supposing that the excel- 
lence of a microscope is to be determined by the greatness of its 
magnifying power. On the contrary, that instrument must be 
considered the most cfticient which renders the details of an object 
perceptible with the lowest power. Distinctness of definition, 
by which is meant, the power of rendering all the minute linea- 
ments clearly seen, is a quality of greater importance than mere 
magnifying j>ower. indeed, without this quality, mere magnify- 
ing power ceases to have any value, since the object would appear 
merely as a huge misty silhouette. 

SufHciency of illumination is another condition which it is 
difficult to combine with great magnifying power, but which is 
absolutely necessary for distinct vision. 

If two instruments show tlie same obj(‘ct with ecpial distinct- 
ness of definition and with sufficiency of illumination, one 
having a higher magnifying power than the other, then it must 
be admitted that the one whieli hears, with sneh conditions, tliu 
higher power is tfie more cificient instrument. 

The mere magnifying |)ower depends on tlie focal length of 
the lenses, the illumination on the angle of aperture, and the 
distinctness of definition on the extent to which those condi- 
tions have been fulfilled which confer upon the combination of 
lenses composing the instrument, the qualities of aplanatism and 
achromatism. 
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TUK MICIIO-T'OLA KISCOl'K. 

()9. M UK.v a ray of light lias been reflected from the surface of 
a body under certain special conditions, or transmitted through 
certain transparent crystals, it undergoes a remarkable change in 
its properties, so that it \idll no longer be subject to the same 
eflbcts of reflection and refraction as before. The eflEect thus 
produced upon it, has been called pol.veis.atiox, and the ray or 
rays of light thus aflected are said to be polarised. 

Lardner’s Musei;:^ uf Science. f 65 
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The name polks is given in physics in general to the sides or 
ends of any body which enjoy or have acquired any contrary pro- 
perties. Thus, the opposite ends or sides of a magnet, have con- 
trary properties, inasmuch as each attracts what the other repels. 
The opposite ends of an electric or galvanic arrangement are, for 
like reasons, denominated poles. 

70, Following the common rule of analogy ill nomenclature, ii 
ray of light which has been submitied to reflection or transmission 
under the special conditions referred to, has been called polarised 
light ; inasmuch as it is found that the sides of the ray which 
lie at right angles to each other, jWHsess contrary physical pro- 
perties, while those of a niy of common or unpolarised light possess 
the same physical properties. 

To illustrate the relative physical condition of common light 
and polarised light, we m.ay compare a ray of common light to a 
round rod or wire of uniform polish and uniformly white, while 
a ray of polarised light may he compared to a similar wire, Iwo 
of whoso opposite sides ar(‘ rough and black, while the other 
opposite sides at right angles to these are polished and white. 
Thus, if A 11 (• 0, fig. dll, )»e a section of the former, the entire 
oircuni fere nee A n c o is Mliite and polished, and if \' n' r' ]>' 



be a section of the latter, a' i\' and t ' u' will bo white and polished, 
while H' c' and o' a' will be black and rough. 

A group t>f ])hysieal properties, very numerous and comjdicated, 
characterise the polarised state of light, the discussion and exposi- 
tion of which, constitute the subject of an extensive and important 
section of optics. It would be obviously impossible here to convey 
to the reader any general idea of these ; nevertheless, as an illus- 
tration of them, one of the most frequent occurrence may be 
mentioned. If a ray of common light fall upon a smooth and 
|)olished surface, it is always reflected according to tlie well- 
known laws of reflection, no matter what side of it may be pre- 
C6 
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^t ilted to the relleetiug surface. If a polarised ray, however, fall 
at a certain inclination upon the same surface, it will be rejected 
«»r absorbed according to the side of it which is turned towards 
the n'tlecting surface. Thus, if the side A' n' or c' be pre- 
sented towards the reflecting surface, the ray will be reflected as 
i!‘ it were common light, l)ut if the side b' c' or a' d' be turned 
towards the reflecting surface, it will not be reflected at all, but 
^^ilI be, as it were, smotliered or extiuguished. 

The sides a' b' and c' i»', which arc opposite to each other, 
liave, therefore, a proi>erty contrary to tliat of tlic sides n' c' and 
A' !>', so that tliey are respectively (ailed the poles of the ray, 
just as the ends of a voltaic circuit having contrary electric pro- 
jK Tties are called the jjositive and negative poles of the voltaic 
l)att(Tv, and the ends of a magnet are (*alled its boreal and austral, 
or south and north poles. 

'I’he ( tlects which polarised light produces when it falls upon, 
or is transmitted through, various substances, more especially 
such as are in the state ()f crystallisation, are of the highest 
physical importance, being in most eases the indication of mole- 
cular and other ])roperties, h}' which optics has been idaced in 
relation with, and has become the handmaid of, almost every 
other hraueh of physical science. 

71. There an* various ex])edients by whieli a ray of common 
iiaht can be jxdarised. It uill be polarised if it be reflected at 
a certain inclination, called from that circumstance the angle of 
polarisation, from certain surfaces. Kaeli substance has its own 
angle of polarisation. That of gla^s, lor examide, is It 

i N also polarised if it i>ass through certain transparent crystals. 
>jme of these, while they ]»olarise the ray, split it into two, both 
lu ing ])olarised, hut in planes at right angles to eaeli other ; that 
is, for I'xample, the sides a' n' and c' D' being white in one, and 
I 'lack in the other. 

'fhr well-known mineral called Iceland spar an example of 
thi.s class of crystals. 

Such crystals are called double-refracting crystals, because the 
two ray^ into wliicli the ray of common light is split arc refracted 
by the er)>tal in dihereiit directions, and according to different 
laws. 

When a polarised ray is transmitted through such a crystal, 
according to certain conditions, it will either pass tlirough it, as 
it wwild through any ordinarj*^ transparent medium, or will he 
extinguished by it, according to the side of the ray to which 
certain faces ot the crj'stal are presented. Such crystal is related 
to the poles of the ray, therefore, in the same manner as the 
reflecting surface already described. 
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72. If either the roflectinf^ surface or tlie crystal, placed under 
the necessary conditions, be carried round a polarised ray, a' n' c' n', 
so as to be succjCHsiVely ])re.scnte(l to all sides of it, the ray will 
be completely reflected or transmitUnl when it is presented to ii\ 
the middle of the side a' jt'. As it is moved from a towards 6', 
the quantity of li^lit retlecttc^d or transmitted Avill be less and less, 
until it comes to />', wln n none will bo rellofded or transmitted, the 
ray beinj^ wholly eAtinguisbed. As it is moved from // to r', 
the light rellccted or transmitled, small in quantity at first, will 
})(! continually great(*r and gn'atiT until it comes to r' the middle 
of c' 1)', when the ray will be wholly retlectcd or transmitted. 
As it is moved from c' towards i1\ the quantity of light reflceted or 
transmitted is loss and less, until arriving at (V the ray is alto- 
gether cxtinguish(‘d. After passing from (T towards o', the light 
reflected, at iirst small, is more and more in (quantity until it 
comes in fine to a\ when the ray is, as at first, wholly reflected or 
transmitted. 

73. An instrument adapt<‘d to show the ( ffects of judarised light 
upon bodies on which it is incident or through which it is trans- 
mitted, is called a polakisc’oi'k, fig. 30, p. (>d, and a |K)hiri8ing 
microscope or MI CKO- roLV III SCOP K, is a microscope by M'hich the 
observer is enabled to ])roject polarised light upon the objects, and 
to observe its effecits when transmitted or reflected by them. 

Micro-polari scopes hav(‘ been construcUd in various forms, 
some depending on polarisation by reflection, and some on polari- 
sation by transmission. 

Oni* of the most simple and most generally useful, consists of 
two prisms of Iccland-spar, one of Avhich, i*, is placed under the 
stage, so that the light by whieli the object is illuminated must 
l>reviously pass through it, and the other v' is placed in the body 
of the instrument bctwi'cn the object-glass and the eye-glass, so 
that before producing the image, the rays must pass through it. 

The light proceeding from p, and ]>rojecU‘d ui>on the object, 
being polarised, and received, after passing through the object- 
glass, by p', will be wholly or partially transmitted, or altogether 
extinguished, according to the sides or ]>oles of the ray to which 
certain faces of the prism are presented. If, therefore, the instru- 
ment bo so mounted that the prism i*' can be tuAied round its 
axis, its faces i^an be pi’esented successivt ly to all sides of the 
rays, so that the light will be in a certain jwsition wholly trans- 
mitted, and the image will be seen strongly illuminated. When 
the prism is gradually turned round, tlie light transmitted will 
be less and less, until the prism has been turned through a 
quarter of a revolution, w’hen the light will he wholh' 
extinguished, and the image will disappear. Continuing to turn 
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Ok* prism, the image ^vill gradually re-appear, at first faintly, 
and by degrees brighter, until the prism is moved through 
another quarUT of a revolution, when the imago will be again 
<.« «‘n fully illuminated. Like changes will take place during the 
utht r two quarters of a revolution. 

Similar effects will be produced if the prism r' be fixed, and 
p bt' turned round its axis. In this case, by moving the polar- 
ising jirisra I’ round its axis, the polarised ray is made to revolve, 
because the position of its poh's a' h' c’ d' has always a fixed rcla- 
Tion to the faces of the ]>ri8m p. Since, tluTefore, the i)olaris(‘d 
ray revolves, it jiiescnts successively all its sides to the prism i*', 
)*y which it is accordingly alternately transmitted, and absorbed 
wholly or partially in the same manmo*, exactly as if the ray were 
fixed, and the prism i*' carried round it. 

lly the ap]H*arance and disappearance of the imago correspond- 
ing with tile position of the jirism r', the position or direction of 
the jdanes of polarisation a' v' and n' J)' of the polarised ray is 
known. 

These effects will be produ<*ed if the objects through which the 
light is transmitted or by which it is reflected have themselves 
no polarising influence. But if they have, various other pheno- 
mena will ensue, de pending on the character and degree of that 
intluence ; but wdiatevcr it bo, the state of the light, which pro- 
ceeding from the object-glass forms the irnagi*, will bo ascertained 
by the prism P', which is const*quently called the anahjsimj 
the other i* being denominated the polarising prism. 

Various physical characters are thus discovered in the objects 
submitted to the microscope by determining the optical effects 
tliey produce on ])olarised light, and many striking and beautiful 
phenomena are developed. 

TIIK -MOVXTiyo OF MI( K(>S( Ol‘J s. 

7 1. Tlie methods of mounting microscoiK s, so as to adapt them 
to the eonvtuiienee and the ease of observers, are very various, 
depending on the juirposes to which tliey are ajiplied, their price, 
the txigeiieies of the purchaser, and the skill, taste, and address 
of the maker. 

The qualities which it is desirable to confer upon the stand and 
mounting of the instrument are simplicity of construction, easy 
portability, smoothness and precision in the action of all the 
moving parts, and such combinations as may cause any tremor 
imparted to the stand to be distributed equally over every part of 
the mounting. These capital objects are attained ver}^ com- 
])letely in all the mountings of the best makers, British and 
Foreign. 
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The most simple, and consequently the chcai)est description of 
mountinff, is that in which hjwost parts are moveable. The onl}' 
parts of a compound ynicroscope which arc mveamrily moveable 
are those by wliich tlie instrument is focussed, and the object 
illuminated. I'he most simple juechanical expedient for etFectinft* 
the former is a rack and pinion attached cither to the body or th(‘ 
sta^e, and for the latter the suspension of the reflector upon an 
horizontal axis, so that it can be inclined at any desired an^^lc to 
the axis of tlu^ body and the siaj^c. 

Whatever b(‘ the form or disposition of the stand, it is 
essential tlait tin* axis of fhe objeet-jdeee should ]>ass tlirou^^di 
tlio centre of tlie stage*, and that tlio refieetor should be so set as 
to be oapablcj of rell(*cfing liglit in the direction of this axis. Tin* 
body is generally a straight tube, tin* axis of the eve-piece and 
obj(*c*t-picce being in the same straight line. In the ease of 
instruments mounted after the model of Professor Amiei, however, 
the body consists of a tube liaving two parts with their axes at 
right angles, tin* axis of the ohject-]>!ece being vertical, while 
that of the eye-juoct* is horizontal. In this (;ase, a prism is fixed 
in the angle of the t\ihe, at a]i angle of lo® with the axes by 
which tin? niys ])roo<.‘tcling vertically from the object-piece are 
reth*eted horizontally to tlie,e\e-piee<‘, on the pi ineiple already 
t*x plained (•!()). 

To. One of the nnist simjde models for the mounting of a eoni- 
])ouiid inieroseopt* was eoiitriwd by Praui'iihotler so early as 
1 81 (>, long before aehromatie lenses were produced. This mode l, 
owing to its great simjdieity, eoiiveiiience, and cheapness, is still 
♦‘xtensively used for the lower priced instruments, especially by 
tlie continental makers. 

The body of tin* instrument is attached to a vertical pillar, tig. 
Jh), p. dlt, and its axis is permanently vertical. It is focussed by 
a rack and piuitm, worked hv a milled head on the right of the 
observer. The stage* is tixed in its position, and jdaced on the 
top of a short tuhi*, in the loAver part of whicli the rellector is 
suspended on an horizontal axis, so that it can be jdaced at any 
desired obliquity to the axis of the instrument, and thus can 
always throw a beam of light ujiwards to tlie object. One side 
of this mirror is concave, and the other jdaiie. 

For the illumination of ojiaque objects, a lens is attached by 
a jointed arm to the uj>per part of the pillar, on -svhich the 
instrument is supported. 

M. LereboiU’s, of Paris, makes ex(*ellent microscopes on this 
model, with a triple achromatic object-piece and other accessories, 
which ho sells at tlie very moderate price of 90 francs (8/. 12s.).. 
Several thousands of these have been sold. 
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70. The attitude of an observer stooping the head to view an 
object in a microscope, whose eye-piece is vertical, is found to be 
att< Tided with much inconvenience, espc*cially if the observation 
be long continued. This lias constituted the ground of a very 
general objection to vertical microscopes. Nevertheless there are 
many cases in which it would be inconvenient to place the stage 
in an inclined or ^•ertical ]K)sition, as, for example, when observa- 
tions are made on liquids. In all such cases the model of 
Aiuiei’s stand presents obvious advantages, the observer looking 
horiz(»ntally, while the axis of the object-pi(‘Ce is vertical, and 
eonsc<iuently the stage horizontal. 

Most of th(' better class of instruments, liowevcr, are so 
mountid that any direction w'hatever can be given to the axis of 
the body. Various mechanical expedients are used for accom- 
jilishing this., most of which are analogous to the methods of 
mounting telescopes. In some, the instrument with its appendages 
is suj)portcd upon two uprights of eijual height by means of 
trunnions, which jiass through its centre of gravity, so that it 
turns upon its supports like a transit instrument, the axis of the 
])ody being capable of assuming any inclination to tho vortical. 
I'he obse rver, therefore, may at pleasure look obliquely or verti- 
<*ally dow’nw’ards, or obliquely upwards, as may suit his purpose. 

Similar motion 4 are also produced by mounting the instrument 
upon a single pillar by means either of a cradle-joint, such as is 
geiu rally used for telescope-stands, or a ball and socket. Stands 
of tliis form arc attended with tho advantages of offering greater 
facility for moving the instrument horizontally round its axis. 

In the attainment of all these objects, as well as in the produc- 
tion of eye-pieces and object-pieces of capital excellence, the 
leading makers of London, Paris, Perliu, and Vienna, have 
honourably rivalled each other, and it may he* most truly said, to 
their credit, that if some have excelled others in particular parts 
of the inNtrument, there is not one who has not in some way or 
other contributed by invention or contrivance to tho perfection 
either uf the optical or mechanical parts. 

Much however is also due to the eminent philosophers and 
prolessors who have more especially devoted their attention to 
those parts of science in W'hich the microscojie is a necessary 
means of observation, and foremost among these is the patriarch 
of optical science, Sir David Brewster. It would be difficult to 
name the part of the instrument, or of its accessories or append- 
ages, for the improvement of w’hich we are not deeply indebted 
to this emimnt man. Among the more recent philosophers wlio 
have contributed to the advancement of micrography, and by 
W'hose researches and suggestions the makers have been guided, 
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may be mentioned Messrs. Goring, Lister, Coddington, Qucckct, 
Mandl, Dujardin, Le Baillif, Seguier, De la Itue, and numerous 
others. 

The eminent makers of the Ilritisli and Continental capitals are 
well known. Good instruments of the low-priced sort arc made 
by nearly all the opticians ; but those who have more especially 
devoted their labours to the microscope, arc Messrs. Koss, Smith 
and Beck, Powell and Lcaland, Pritcliard, V^arley, and Pillisdier, 
in London ; Messrs. Nachet, Charles Chevalier and George 
Oberhauser, of Paris; MM. J^locssel and Schieck, of Vienna; and 
M. Pistor, of Berlin. 

Without the intention of assigning any nslative precedence to 
these artists, we shall now present a brief description of some ot 
the instruments, according as they are severally mounted by 
them. 

chevalier’s vniveksal mickoscoce. 

77. The mounting of this instrument lias always a^ijieared to 
me to offer as many conveniences and advantages to tlie observer 
as can be combined in such an apparatus. 

A mahogany case A, fig. 37, p. 1 , containing a drawer n, in which 
the instrument and its appi‘ndages art' ]uicked when out of use, 
serves as its support. A strong brass pillar, c c, is lirmly serewetl 
into the top of the case, and u])on this ])illar the entire instrument 
is supported. 

The pillar c c sometimes is made in two lengths, Mdiieh are 
screwed one upon the other, by which mt'ans the height of the 
instrument may be varied at pleasure, either one or both lengths 
being used. 

An arm e c is attached by a joint at E to the summit of the 
pillar c c, so that it can be moved on the joint, e with a hinge 
motion, and may thus be placed at any angle with the pillar c c. 
In the ligure it is represented at right angles with c (’. 

To the middle n of the arm E r, a sciuarc' brass bar i) E o is 
attached at right angles to E <*, so that when E c is at right imgles 
to e the bar n e a is parallel to e c. in the face of the bar 
I) E Tr, which is presented to r c, a rack is cut. 

Tw’o sipiore pieces r and M are fitlinl to the bar D e g, and are 
moved at pleasure upwards and downwards ujion it by means of 
pinions, having milled heads o and n. 

To tile s(piari‘ piece v is attached the stage z, upon which tlie 
object is placed, and maintained in its jiosition by two springs, 
one of which is shown in the figure. This stage is provided with 
several adjustments, whieh have been already explained (31 
et svq»). It will be sutheient for the jiresent to observe that it 
is capable of being moved upwards and downwards with the 
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siiuure pieor i\ to which it is attaclicd by tuniiiig tlic milled 
head o, and that a slower motion, to "ive more exact adjust- 
rneiit, i-; imparted to it by a line screw havin^^ a milled head 
:it u. 

To the square piece M is attached the illuminator ii, on one side, 
K, of which is a concave reflector, and on the other, i, a smaller 
plane reflector. /I'liis illuminator has two motions, a horizontal 
or lateral one upon a joint at by which it can be placed at 
pleasure cither vertically under the centre of the stage z, or at a 
limited distance on one side or other of the vertical through the 
et ntre of the stage. The eircular illuminator is suspended at two 
]>oints diametrieally opposite in a scmieircular j)icce, and may he 
placed at any desired inclination to the vertical, and with either 
leflector upwards by means of the milled head i. 

Kroni the lowest part of the pillar c c a piece projeets, having a 
cavity corresponding with the size and form of the bar D v 
into wliieh that bar ent(*rs when it is vertical as repres(‘nt( din the 
tigure, and in which it is held by the ])in at 

Tile body of the luicroscojK.*, us sliown in tlic ligurc, is rect- 
angular. The eye-tube t is moved backwards and forwards in the 
body 11 by a pinion v working in a rack. The eye-piece s is 
inserted in this tube, and the eye is protected from the light by a 
circular blackened screen, seen edgeways in the ligiire. The 
I’eetangiilar tube v \ is insert<*d by a bayonet-joint in the remote 
end of the body n, in which it is cajiablo of being turn(‘d, so 
that the object-tube x shall he horizontal, to enahh* the observer 
with greater facility to sen w on or to change tlu' object-glasses 
at 

The body is attach<‘d to tlie bar K c by a joint at c, upon which 
it can be turned, by which means other jiositioiis can be given to 
the instrument, as will jiresently be explained. 

An a^^ol‘tment of object-g•lasse^ is supplied, which may bo 
screwed at pleasure upon ^ . They arc adapted to eacli other in 
sets of three, so that one, two, or three may he attached to Y 
according to the ]>owcr required. 

Ill the angle h of the body, a rectangular prism is lixed, by 
which the rays proceeding ujiwards from v arc reflected horizontally 
along the axis of i; to the eye-piece, on the principh' explained 
in 110. 

Se veral eve- pieces of difleivnt ]) 0 wers are supplied with the 
instrument. 

The magnifying power may he varied within certain narrow 
limits by nioviiur the .eye-tuhe in or out by the pinion i , and at 
the same time adjusting the focus by the pinions o and o, whicli 
move the stage /. When it is desired to augment the power, tlic 
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tube T is drawn out so as to lengthen the lx>dy, and the stage z 
is brought nearer to the object-glass y. The effect of this is to 
increase the dimensions of tlu* optical image produced in the eye- 
piece by the object and lield glasses, as exjdained in 6. 

If a greater increase of magni tying power be desired, the eye- 
piece may be witlidrawn, and a sliorter one substituted for it. 

But these expedients are* only useful wlu n the incTease of power 
required is coniined within comparatively narrow limits. AH 
greater ainplitication must be ])rodueed by the object-glasses. 
These, as has been explaiiu'd, are made in sets of three, having 
dill'erent j)owers. The lowc^st jM)wer will be obtained by screwing 
the first lens only of the lowc'st set upon Y ; the next by screwing 
on the second ; and the next by screwing on tlu* third ; by whicli 
the powers of all the three will be combined. 

If it be desired to obtain a still higher power, these lenses 
being taken off, the first h‘ns of the set next in order is senwed 
on, then the second, and in tine the third, by which another 
series of three increasing jmwers is obtained. 

Ill this manner, by a suitable assortnu'iit (d' objecd-glasses and 
eye-pieccs, any desired degree of amplilicution t!aii be obtained. 

Tlie height of the eas(‘ A and the length of the pillar c; c arV; 
so arraug(‘d, that wlu'n tin* case is j>laced upon a table of tht* 
usual height, the two of an observer of average lieight when seated 
will bo on a level with the eyt -pieet* s. 

AVhen the observer is about to submit an object to examination, 
having mounted the instrument, idaced it firmly upon a table 
with an evc’ii surface so as to prevent any rocking or instability, 
and regulated the height of his seat so that his eye sliall be at the 
level of the eyi—piece, he selects an eye-piece and object-glasses 
having a suitable magnifying power, and in doing this it is most 
important to commence with a low jK)wer, to be gradually 
increased. For this ])urpose, one object-glass of a set is first 
screwed on, after which two, and in tiiu' thrc‘e, an* used. 

In this manner a survey is taken of the general outUne and 
larger parts in the tirst instance, and the more minute parts 
afterwards. 

78. The most generally convenient position for the instrument 
is that which is shown in fig, 37, If a vertical position be 
desired, it may however be easily obtained. For this pur- 
pose tlio rectangular piece v is drawn out of the bayonet -joint, 
and the object -tube is directly inserted in the body, so that its 
axis shall bo horizontal and coincident with that of the body ii 
and tlio eye-tube t. The body is then turned upon the joint e 
until it is raised into the vertical i>osition. The relative position 
which the parts then assume is that which is shown in fig. 38. 
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Tl). Wlicn clieraieal phenomcn4a are submitted to microscopic 
examination, and in general wlicn liquids arc observed which arc 
li:i ble to evaporation, it is found 
inconvenient to ])lace the stagt‘ 
under the object-glass, inas- 
much as tin' vapour ]>roceed- 
iiig from the liquid being 
more or les< conden‘'od upon 
it, destroys the clearness of 
the image. 

Acid va]K)iu*s sometimes rise 
Irorn the substances under ex- 
perinu'nt, which often tarnisli 
the ohjt ct -glasses, and almost 
always ( {»rro(i<‘ the metal of , 

tlie instrument. 

In such cases, therefore, it 
is lU'cessary to provide means 
to ])lace the liquid under ob- 
servation ill a glass capsuh' 

(a watch-glass, for example' 
aho\c the object-glass, which 
must consequeutly be directed , 
iijiward.s, the stage supporting • } I '.1/ 

the capsule being over it, 

'J'o accomplish this, the rect- 
angular j)iece v x is turned 
within the body upon its bay- 
eiiet- joint through half a <*ir- ; I ' ' 

eumference, so that the object- I S 
tube \ is ]>re.stiited vertically 

upwards, as ^hown in tig. ‘llh The arm < / caiTjdng the stage /, 
the diaphragm h to limit the illumination, and the illuminating 
retlt (‘tor or lens //, is then tixed upon the tube x ; these pieces 
being severally moveable on the bar e f in the manner already 
(leseribed. 




' ' f 


/' 


This arrangement is also useful when it is required to observe 
minute bodies whieh sink to the bottom of liquids, or animalcules 
w’hich rare ly come near the surface. 

Ill certain eases, also, the circulation of the blood can only be 
observed wdth the instrument in this position. 

80. It is sometimes desirable to direct the instrument hori- 
zontally tow’ards the stage placed vertically. To accomplish 
this, it is only necessarj’, after arranging the instrument as 
shown in fig. 40, to turn the arm e c round through an angle of 
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00®, the pin (j hoinj^ withdrawn, so as to leave the bar n F g 
with the staji^e and its appendages free to tuni on the joint e with 
the arm e e. Tlie body Jt and the bar i> f a will then be brought 

Fiff. 30. 



into the horizontal position. The stage wdll then he vertical, and 
the object wdll he held in its position by the sj)rings. 

The illumination of the object may be produced either by the 
reflector or lens in the manner already described : or, if they are 
removt'd from the bar n f (j, the stage may be presented directly 
to the light of the sun, the clouds, or a candle or lamp. 

In some cases, however, 'when it is necessary to obtain a more 
intense illumination, an apparatus represented at s s' is employed, 
consisting of tw'o convex lenses placed in the ends of a conical 
tube which slides ujh)ii the bar, by means of a square piece at the 
end of the arm t. 
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Besides the several motions above deseribed, the body of the 
instrument has motion in an horizontal plane round the piece a, 
riK. 

\ 

\ 



fig. 37, as a centre. This motion is very convenient when the 
instrument is iistni in the positions shown in figs. 37, 38, and 31), 
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for the purjwse of changing the angles. In general, and more 
•especially when high powers are used, the object-glasses are so 
•clowj to the stage, tliat they cannot be conveniently unscrewed 
and changed without <jither removing the object-tube from the 
«tagc, or the latter from the former. If, however, the body be 
turned liorizontally uj)on the centre a through a few degrees, the 
object-tube will be removed from over tlie stage, and the lenses 
can easily be changtid. 

This inctliod may also be practised in tlic positions, shown in 
tigs. 3S and -lO, but it is more convenient to turn the rectangular 
,])iece V \ upon the bayonet-joint, as directed above. 

Another advantage which attends this horizontal motion of the 
body round the centre o, is, that it enables the observer to direct 
the object-glass successively on ditlcTcnt points of an object, the 
wJiole of which is not included in the field of view. This, how- 
•e\’er, can only be practised where low magnifiers are used. 

^Ib place this microscojie in any desired inclined jiosition, it is 
only necessary to place the body, as rejiresentod in fig. 38, and 
Hum taking out the pin ci, fig. 37, to turn the bar 1> i o together 
with the body Jt into the desired inclination. 

noss’s jmi*kovi:j) ^MicuoscorK, 

SI. J\Ir. lioss holds a place in the foremost rank of philosophical 
artists, and deservedly enjoys an European celebrity. 

To his labours, perseverance, and genius, much of the perfi ction 
attained in the construction of object-lenses is dui'. The 
adjusting object-piece, already described, is one of lii^ recent 
inventions (H^). 

In the progressive imjirovement which the inicrosco])(* has 
undergone in his hands, the stand and the mounting, with tlie 
provisions for the arrangement of the accessories, lane of course 
been more or less modified from time to time, and an* at present 
varied according to the price of the instrument, and the purposes 
of the observer. 

82. AVe shall here give a short description of the most recent 
form given by him to his best instruments, 

U|Km a tripod, 1, 1, fig. 41, are erected two upright pieces, 2, 2, 
strtmgtheiied by inside buttresses, 3. These uprights support an 
horizontal axis, 4, which passes nearly through the centre of gravity 
-of the instrument, and upon which it turns, so that the axis of the 
body may be placed in any direction, vertical, horizontal, or 
■oblique. The rectangular bar, o, having a rack at the back, is 
moved in the box, 0, by the pinion, 7. The body, 8, is inserted 
in a ring at the end of the arm, 9, which latter is fixed upon a 
pin at the end of the rod, 5, upon which it turns, so as to remove 
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at pleasuro tlie object- j)iccc from over the sta^^e, to change or clean 
the lenHcs. The arm, (), can be fixed in its position by the pin, 
whoso milled head is 1 f). 

The instniment is ioenssed first by movin^ the bcxly to and from 
the stage by rac.'ans of tlie ])inion, 7, and rack, o, the adjustment 
being completed by a much slower motion imparted to the body 
by the milled head, 1 1 , which is (;onnect(‘d with a screw and lever, 
by one revolution of wdiich the body is movcsl through tin* 
.‘tooth part of an ineli. An elastic play is allowed to the body, so 
as to guard against injury byfbe aecidental contact of the ohjeot- 
j)i(‘e(.‘ with tlic slid(‘. 

The usual rectangular motions are imparted to the stage, 12, 
through the exlent of an inch, by tlic milled heads, IJt, which 
act on ])inions, hy wliich the racks are dri^ en which carry tlu* 
stug(‘ right and hd't, and backward and forward. The illumi- 
nating mirror, 14, is sui)ported in the usual way, so as to be placed 
at any desired anghs with the axis of tlie instrument. Ifclow the 
stage is fixed an arm. Id, capable of being moved up and down 
by rack and pinion. This arm supports a tube, 10, intended to 
receive apparatus to modify the light transmitted by M to the 
object. Various apparatus for condensing and otherwise modify- 
ing the illumination are provided, w’hich tit into this tube, l(i. 
A motion of revolution round its axis is given to this tube by the 
milled head, 17. Ily these means, the etfect of oblique light can 
he shown on all parts of the object. A condenser, 18, invented 
by Mr, Gillet, of a i>eeuUar construction, provided with a scries 
of diaphragms formed in a conical ring, is inserted beneath the 
stage. 

Polarising apparatus, and other apx>endag<‘s, can aKubc attached 
to the secondary stag(‘. 
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THE MICKOSCOPi:. 

CIlAPTEli VI. 


8u. His olijt ct-glassfs. Me.s.sks. Smith akd Bkck’s mickosi ope ; 84. Thuir 
larjitst and uvost eftiviout iustruiutut. — 85. Their smaller inirroseui>e. 
— St). Their ubjeft*Kla.s«es. — 87. Yarley’s microsct>pe. M. Nachet’s 
icU’HosoopK ; 88. Their adaxjtAtion to medical and chemical i)iiri>o,se£5. 
—89. Multifile microscopes. — 90. Double microscoxie. — 91. Binocula? 
mioroscojK?. —92. Triple and quadruple microscopes. 

83. With hia largest and best instruments, Mr. llo&s supplies 
four eye-glasses and eight object-glasses, by which thirty-two 
varieties of power and illumination may be obtained. The object- 
glasses vary from two inches to a 12th of an inch in focal 
length, and from 12 Mo 170" in angular aj>erture. The following 
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is a tabulated statement of the ])Ower8 resulting from these com- 
binationsy the four eye-glasses being designated in the order of 
their powers, by the letters a, ii, c, and n. The prices of the 
object-glasses severally are given in the last column of the table, 
and the slightest reference to them will explain the general desire 
of microscopists to diminish expense, by varying their powers, by 
the expedient of separating the lenses which enter into the com- 
position of the object-pieces. 
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AV Ill'll angular apertures, so extreme as those indicated in the 
preceding tabic, arc attempted, it is necessary that the obji et- 
lens presented to the pencil diverging from the object, shall lie 
of the meniscus form, the concave side being turned towards the 
object, for the reasons explained in 19, 

Besides the larger class of instruments above described, Mr. 
Boss constructs microscopes in a variety of other forms, which 
are placed wilhiii the reach of those who do not find it conve- 
nient to incur the expense of the larger iuslruinent. 

mt:ssks. smith axd bkck’s Minioscon:. 

81. The largc>t and most efficient class of instruments con- 
structed by these ai’tists, do not differ much in their mounting 
from tliose of Mr, Ross above described. Like the latter, they 
are supiiorted by a horizontal axis, between two strong vertical 
pillars, screwed into a tripod base. The instrument with its 
appendages, turning on the horizontal axis, can thus be placed at 
any obliquity whatever with the vertical. The coarse adjust- 
ment of this microscope is made by a rack and pinion, by which 
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thr ontire body is moved to and from the stage. The object- 
piece is set in a tube, which moves within the principal tube of 
the l>ody, the motion being imparted to it by a fine screw with a 
milled head, which constitutes the fine adjustment. Tw»> dif- 
lerent kinds of stage are supplied, one called the lever stage, 
<‘onsisting of three plates of brass, the lowest of which is fixrd, 
and the other two provided with guides and slides, and a lover by 
which they may be moved, together or separately, in directions at 
right angles to each other ; the other form of stage also has two 
medions at right angles to each other, one produced by rack and 
pinion, and the otlier by a screvr whose axis is carried across the 
singe, and is turned hy tlio left hand, whilt* tin* rack and pinion 
IS turned b\ llie right liand. 

So. Mi ssrs. Sniitli and Ihck also eonstriiet other fonns ol 
mieroscojK*, which, tlnuigh ]u*rfcctly elHcicnt, are cheaper and more 
simple ; one of these* is represented in fig. p. 17. It is mounted 
uj>oii a vertical pillar, sujiported on a tripod t ; the body of the 
raioroscoiK" plays upon a cradle joint, to which tin* bent arm 
r r is anaclicd : the bod} of the instrument is moved by a rack 
and pinion in a triangular groove formed in the upper part of 
this arm ; the coarse adjustment is made by the milled heads 
wdiich move the entire body to and from the stage. In the 
lower end (»f the body, a t\ibc is inserted, from which an arm 
projects, ill which a fine screw plays, which is connected wdth 
another arm attached to the body of the instrument : by turning 
the milled licatl, a slow motion is tlu'rcfore imparted to the 
tube thus inserted in the lo\ver extremity of tlie Imdy. In the 
end of this tube the object -piece is set, so that the fine adjust- 
ment is made by this screw. 

To th«- lower end of the bent arm t v, tlie stage and its 
a]>pcndagcs are attached ; tw’o motions at right angles to each 
other are imparted to the stage, by milled heads ; the reflector 
is mounted in tlie uMial w'ay, and provisions are made under the 
stage, by which acliroraatic condtnsers, polariscrs, and other 
apiioratus can he apjdiod ; the disc of diaphragms is shown at J> ; 
it mounted on a short luece of tube, in wliicli ])olarising uiul 
other ai>paralus may be inserted. 

Ml. Messrs. Smith and Reck supply w’ith their best microscopes 
three eye-pieces and five object-pieces, the powers of which, as 
well as th(‘ir angles of aj^erture, are indicated with their prices in 
tlie annexed table. 
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Achromatic Object -yUnfuctt for the M icroscope. 
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* With the ^ inch <)bioct*Kl«WH and the erect inp-glasscH. employing' eye-pioccs 
Noa. I and the magnifying power will ningc from to J^u. 

Among the aoccsbories of the microscope due to Messrs. Smith 
and Bei^k, we must not omit to mention the microscope- table, 
cH>ntrived to facilitate the observations of several j)crsons directed 
to the same object with the same microscope. Kvery one who 
lias used this instrument is aware how fatiguing it is to several 
jHTsons to succeed one another in observing with the same instru- 
ment. They are obliged constantly to shift their position, and 
consequently to make their observation standing. The micro- 
scope-table, if it do not entirely remove this inconvenience, 
greatly diminishes it. It is a circular table, lirmly supported on a 
pillar and claw, capable of being turned with a smooth motion 
round its centre in its own plane. The observers sitting round 
it, the micro8coi>e is moved successively to the jwsition occupied 
by each of them by merely turning the table. The best sort of 
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those tables are made with a plate-glass top, and surrounded by 
drawers, in which the apparatus can be conveniently assorted. 

MR. VARLEY’s microscope. 

S 7 . This artist has constructed instruments with proNisions 
similar to those already described ; they arc somewhat different in 
tlieir form and details. He has, however, recently introduced a 
microscope, which claims the advantage of enabling the observer t(» 
examine living objects, such as animalcules, notwithstanding the 
incon\cnience arising from their n'sthss mobility, causing them 
(tontiniially to esoaiK' from the Held of view. The stage motion 
with its ap]>endages, eontri\od by Air. Varley, enables the 
observer, without diftieulty, to jiursue the object. 

He has also eontiived a phial-mierosco)>e, by wdiich a<|uati(! 
plants and animals can be convLni<‘ntly observed. 

M. Nvciir.r’s MicRnscoi*j:s. 

SS. AI. Xaclu t, of Taris, has acquired an Kuropcan celebrity for 
the excelh nce of his instruments, and for tlu‘ \arious inventions 
and improvements in their construction, by whi(di he has extended 
their utility. He has constructed instruments in various forms, 
according to the uses to w’hich they are to be applied and their 
price. For medical and chemical ])urposes, the body of the 
microscope slides in a vertical tube, the coarse adjustment being 
made by a rack and ])iiiion, and the Hue by a screw. The stage 
is lirmly Hxed un<ler the ohjeet-pi< <*e, at the top of a liollow^ 
cylinder, within which the illuminating a])paratu9 and other 
aj)pendagcs arc included. 

One of the most recent novelties due to this eminent artist, 
is a h)rm of microscope by which two or more observers may, at 
till* same time, view the same object, thus conferring uj)on the 
<•0111111011 microscope a part of the advantages which attend the 
solar microscope. This is accomplislied by connecting two or 
more tubes, each containing its owm eye-piece, w’ith a single tube 
containing an objcct-piccc ; it has been already shown that the 
axis of the tube containing the eye-piece may he jdaced at anv 
desired inclination, with that w'hich contains the object-piece, bv 
placing in the angle formed by the twn tubes, a reflector, oV 
reflecting priMii, in such a position, that the pencils of rays pro- 
ceeding from the objcct-i>iece shall be reflected to the eye-piece, 
without otherwise deranging them. It is evident, therefore, that 
if the ra}s proceeding from the object-piece could be at the 
same time received by two or more reflectors, so placed as to 
reflect them in t wo or more directions, they might be transmitted 
along two 01 more tubes in these directions to two or more eye- 
pieces, through which the same object might thus be viewed at 
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the Bame time, and through the same object-piece by two or more 
diiiercnt observers. 

Such is the principle upon which the multocular microscope 
of M. Nachet is based. 

90. A double instrument of this dtscrij>tion is shown in hg. 43, 
whore a is the object-piece directed vertically downwards on the 
stage ; above it is a case, containing a triangular prism which is 
so formed that the light reflected from its left side shall pass 
along the axis of the rjght-hand tube, and that reflected from 
its right side along the axis of the left-hand tube. Observers 
looking into eye-glasses set in these tubes, would therefore both 
see the same object in prcjciseh' the same manner. 

It may perhaps bo objected, that the locus which would suit the 
eye of one observer, would not suit the other ; the diflerence, 
liowevor, between the focal adjustments of ditterent l yes is alw'ays 
so inconsiderable, that it can be eqiialised by a small motion 
given to the tubes carrying the eye-pieces. 

Microscopes, as they are usually mount(jd, reverse tlie objects, 
the top ^.p^iearing at the lK>ttom, the right at the left, and vice 
rcrad* This being found inconvenient in instruments used for 
dissection, where the motion of the hand and the scalpel of the 
oj)erator would l)e reversed, expedients are provided by which the 



image is redressed, and the object viewed in its natural position. 
This is accomplished in the microscope represented in tig. 43, by 
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two prisms fixed at b b' in the tubes, which are placed at right 
angles to the lower prism a ; by this 
second reflection, the reversed image of 
the first reflection, being again reversed, 
is made to corres^wnd with the natural 
position of the object. 

91. An interesting variety of this form 
of instrument, which may be called a 
BiKocuLAi; MiCBoscopK, is shown in 
fig. 44. In this case the two tubes, » c 
and B' c'f contaihing the two eye-pieces, 
are placed parallel to each other, the 
distance between them being regulated 
by the screws v v ; if this distance be 
so adjust(‘d as to corn'spond with the ^ 
distance between the eyes of the same Z 
individual, the microscoj)e may be used v 
with both eyes, in the same manner as 
a double opera-glass. This has the 
advantage of giving a stronger ap- 
l>earanco of relief to the objects viewesi, 
which is especially desirable for a certain class of objects, such as 
crystals. 

92. A tri])le microscope, upon the principle above described, is 
shown in fig. 4o, p. 81, where a is the object-piece, B the multiple 
prism, and c, c' and c” the three eye-tubes. 

A similar instrument, with four eye-tubes, including figures to 
illustrate the mode of obs< rviDg with it, is shoum in fig. 46, p. 36. 

One of the advantages of this class of instruments is, that a 
{►rofessor and one or more of his pupils may view the process of a 
microscopic dissection which with a common microscope would be 
impossible, and to which the solar microscope would be inap- 
j dicable. Microscopic dissections, in general, can only be exhibited 
to tlu)se who do not execute them, by their ultimate results. Any 
phenomena which are dcvelopt‘d in their j)rogress, can only be 
made known to others by description ; and it is not necessarj" to 
say, how imperfect such a mode of communication must be, com- 
pared with direct observation. 
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MICROSCOPIC OBJECTS. 

♦ 

1. Mi^Toscopic ul.itvts.— 2. The ani-on-fly aiul its larva*.- 3. The satyr. 
—4. The liiu'eus splierieus.— .*». The luim, or Arlultoii.— 0. Tlie 
w’aioi-tl\ . 

1. lUviN(i in the iBU'cedinp: Tract ox])laino(l the structure, 
application, and use of the microscope in tlic various forms whicli 
have been jj:iven to that instrument, we shall liore briefly notice a 
few remarkable ini(‘ros(*opic objects, selected chiefly from the 
Microst‘Oi>ie < 'abinid of Mr. Pritchard, illustrated with magnified 
drawings by the late l>r. Goring. 

2. The family lilx llulida' includes an extensive and beautiful 
group of large insects not sensibly differing in their external form 
from the ant-lion, already noticed.* 

* Instinct and Intelligonee, p. 110. 
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These are popularly known by the names of horse-stingt rs 
and dragon-flies. The former name is founded on a vulgar 
error, sinoe the animal has no sting. The illusion implied by the 
latter is, however, more correct, since the insects, both in their 
appearanoe and voracious habits, are certainly more entitled to the 
name of dragons than that of demoiselles, or lady-flies, by wliieh 
they are commonly known in France. 


1 



The beautiful iippcaranec of thes(‘ inseels on the wing, their 
varied colours, the gauze-like structia*e ol‘ their wings, and tlie 
rai»idity of their flight, must have attracted general attention. 
In hot summer days, they may be seen darting backwards and 
lorwards in the air over standing ])ools, which supply them 
abundantly wdth the insects on whicli tliey feed. 'I'hc ir colours 
are subject to mueh divcTsity, the males having an abdomen of 
Icadish blue, while that of the females is a yellowisli brown. In 
some species, the males have a rich bright hhio colour, with ])lark 
wings, while the females are distinguished liy a line green, witli 
colourless wings. 

Afti-r impregnation, the female hovers over the surface of tin* 
water until she selects a place for the deposition of her eggs, 
which she deposits one by one in the water, beating the surface 
with her tail while she lays them, until at length they are e(^l- 
Iceted into a mass resembling a bunch of grapes. 

Tlie larva? on issuing from the egg are so minute as to la* 
scareely perceptible to the naked eye. In some days, howevej-, 
tin y attain the length of the tenth of an inch, and cast their skin 
for the first time. To the naked eye they appear in this state 
like black spots, to which a tail is attaclied. When well fed they 
grow rapidly ; and when they have attained the length of about 
a quarter of an iucb, they ^gin to display their charaetcristie 
courage and ferocity, attacking, with open mouth, creatures ten 
times their bulk ; and, when pressed by hunger, devouring 
each other. 

SO 
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The mitgnilied drawing of this larva, from which fig. 2 was 
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by Mr. Pritchard in the Microscopic Cabinet. The real length of 
the creature, measured from the extremity of the antenna' to 
that of the tail, was eight-tenths of an inch. It is rtpro- 
sented in the figure, as seen in profile, the breadth of the htud 
and other parts being necessarily foreshortened. 

A system of trachea', with numerous ramifications, passes along 
each side of the body from the head to the tail, one of which is 
se< n in the figure. These respiratory apparatus ramify in a 
beautiful manner in the triple branches of the tail, each of which 
rceeiTes a branch from each trachea. 

During its growth the larva easts its skin several times, and 
the skin which it thus throws off, being translucent, is an inter- 
esting and beautiful microscopic object. 

The eyes as well in the larva as in the ])erfect insect are very 
salient, and from their magnitude and structure form interesting 
microscopic objects. Like those of some other insects described 
in a former Tract,* they consist of a multitude of distinet organs 
of vision, each of which is an hexagonal lens. It was observed 
•by I.atreille, that their number increased in proportion to the 
voracity of the insect. Leuwenhoeck counted 12000 in a single 
insect. Each hexagon is a convergent lens, which may 
converted into a microscope. Each of these lenses is found 
to produce an inverted image of an object to which it is 
presented. 

The object shown in fig. 3, engraved from a drawing by Jlr. 
(ioring, and described in the 
>Iicroscopio Cabinet by Mr. 

Pritchard, belongs to the class 
of animalcules denominated 
by Muller monoculi, from the 
circumstance of their having 
a single organ of vision, a, 
placed in the centre of the 
front of the head. This 
si)ecimcn is called the satyr, 
and is the amymone satyr of 
Miiller. The figure represents 
a magnified view of the full- 
grown insect, seen at the in- 
ferior surface of its body as 
it presents itself to the observer, attached to the inner surface of a 
vase of water in which it moves. The real length of the animalcule 
here represented was the 120th of an inch. When they are 

* “Microscopic Drawing and Engraving,” p. 
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young they arc much smaller, and beinjj: then ))erfectly translucent, 
are highly mtorcstiiig microscopic objects. They arc found in 
abundance in the months of March and April, at the surface of 
shallow pools of clear water which contain aquatic plants. 

The back of this animalcule is protected by a tender and 
transparent sliell, the b<*lly being nakc‘d and membranous. Seen 
in profile it resembles a tortoise*, but, as shown in the figure, it has 
the form of a liorse-shoe. It has four feet, and two anteniiai 
attached to the inferior part of the bodj^, and radiating from a 
common centre. l‘Iac(‘d in the middle of tlie head, between the 
two ant<‘nnie, />, are the mouth and the single eye, a, the latter 
being black, and set in a square orbit of a deep crimson colour. 
Each of the antenme has four articulations, and is furnished with 
bristh's at its extremity. The feet, c. e, ar(* divided at the second 
joint, and U'rminate in strong juncers. 'Jiie peristaltic motion of 
the alimentary canal can he distiuetly ])erei‘ived with the micro- 
scope, hy observing the dark lines whi(di run along the body of 
the animalcule. On t‘aeh side of Dus canal are jJaeed the 
ovaries, r/, which, when lbe\ are fully dev(‘loped, are distin- 
guished hy their dark eolmir. The satyr swims by sudden 
impulses, moving Ibe h*et ra}>i<lly, and sonu'limes ajqxars to 
slide along tin* internal surfaee ol tbe va.NO. 

•1. 'I'be animaleuli* represented in fig. 1, and nprodinTtl from a 

drawing by l>r. (Joring, 
is the linccus sphericus 
of M idler, miscalled mon- 
oculiis mipntus by Ein- 
nu'us, since it has two 
eyes suiiiciently apparent. 
The figure is reproduced 
from the ^lieroseopic 
C’ahiiiet of Mr. l‘ritehard, 
where the animalcule is 
described. 

^ The shell or cuirass, 

whieli is quite trans- 
lucent, consists of a single 
l)ieee, without any per- 
ceptible articulation. It 
possesses, however, suf- 
tieient tlasticity to allow the animal to open it at will, after 
the manner of a common mus&el. The two edges of the 
opc'ning are seen in the figure at «, the figure being understood 
to present a profile of the object. The two eyes, f/, have 
diiierent magnitude.s, and their black colour presents a striking 
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contrast with the surrounding parts. They arc encased in the 
shell by which they are protected. The beak, ft, is jHanted, and 
pai-tieipates in the general convexity of the shell. Under it is 
placed a second beak-like projection, somewhat shorter, and 
having three coarse hairs at its extremity, which probably servi' 
the purpose of palpi or feelers. Below this are platnd the 
two antenna*, e, each of whi(*h is terminated by similar but 
longer hairs. The false feet or branchite, which are four in 
number and ranged along the edge of the shell, are covered 
with hairs, and terminate like the ant(*iina^ ; by their action a 
rotatory motion is imparted to the animalcule, w'hich is accele- 
rated by the ketion of the projecting part, r/, against the water. 
This part is ciliated on its posterior edge, and armed at its 
extremity with strong claws. The ovaries, which appear at t, 
have a greenish-blue colour, and the form of a mulberry. The 
convolutions of the alimt ntary canal with the food contained in 
it are visible W’ith the microscope from oni* extremity to the 
other. 

But the most remarkable organ is a small oval body placed 
behind the head and shown in the upi>cr part of the figure. This 
body has ti rajiid motion of j)ulsation. 

o. These creatures feed upon aniraaleulcs, and in their turn 
lK‘Coiiie themselves the prey of acpiatic larva* and coleoi)tera, such as 
the water-beetles. Tliey are the especial food of the lureo, or 
glutton (thi* larva of the naid), a magnified > iew of which is shown 
in fig. 5, with several linoei, e, visible witliiii it. The young ones arc 
seen playing around the mother, and on the approach of an enemy 
they rush for protection under her cuirasD, which she immediately 
closes upon them. 

0. The crustaecous animalcule represented in jj, fig. 1, in its 
natural size, and in a, fig. 2, magnified, is the four-liomed cyclops, 
or little Mater-fiy : the cyelops quadriconiis of Midler, the mou- 
oculus quadrieornis of Linmeus, and the p(*diculus aejuaticus, or 
water-louse, of Baker. I he figure was drawn by Dr. Goring, and 
described by Mr. Pritchard in the Microsc*oi>i(; f’ubinet. 

This little animal is found at all seasons in water, but more 
especially in the months of July and August, w'hen it may be 
easily taken by a net at the depth of about an inch below the 
surface. 

The body is covered with scales, which have a vortical and 
lateral motion. Their edges do not meet under the insect, but 
leave a space for the insertion of the organs of respiration, a. 
The beak is short and pointed, and is a mere prolongation of the 
first segment of the body, A little above it is inserted in the 
cuirass a single eve of a crimson colour, so dark as to approach 
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nearly fx) black. On each «idc of the eye arc inserted the antenme, 
of which there are two jiair, the superior being longer than the 
inferior. They arc composed of numerous articulations, from each 
of which issue two or several hairs. In some species the sexes are 
distinguished by the form of these appendages, being straight and 
thicker, with an enlargement towards the middle of their length, 
in the male, as shown in hg. 4. 

These insects move by sudden jumps or plunges, h\}t sometimes 
creep along the twigs of plants, in w’hieh movements they arc 
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aided by their feet or brauchia\ These members arc in almost 
incessant motion, a circumstance which renders the observation of 
their precise form in the living animal difficult. One of them is 
represented as seen under a higher magnifying power in A, lig. 3 ; 
they are generally transparent, but sometimes have a greeni^li- 
blue co^^nr, 
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The (^varies conbist of two sacs, which have the ap|H‘arance of 
hunches of grapes attached to either side of the posterior extremity 
of the body, os shown in A, fig. 2. The eggs are globular, and arc 
enclos^'d in a transparent membrane. The centre of each egg has 
an opaque colour, some being green and others red. Their nuinlnT 
increases with the age of the female, and M'hc n tliey liavc attuincil 
a sufiicieiit maturity the embryo of tlie future animal may bo 
seen within them with a magnifier. Mr. Pritchard has distinctly 
seen these with a single lens with a focal b ngtli of about the 2oth 
«»f an ineli. At the extremity of the alimentary canal tlio tail 
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divides into two portions, whose extremities arc fringed with 
bristles, which pix'sent the appearance of splendid plumes. 

The alimentary canal and its peristaltic movements are dis- 
tinctly visible in specimens which are only slightly coloured. 
Above this canal two others can be observed, through which the 
eggs are projected to the ovtiries at each side of the taiL 



MICKOSCOPIC OIi.JECTS. 


The colours of the coat of these insects varr in different indivi- 
duals, as well as the colours of their ovaries, some being of a 
greenish-blue, and others red with green ovaries. 

Another variety of this, called by Muller the cyclops minutus, 
or little cyclops, and jwpularly the jumper, is shown in n, fig. 0, 
as drawn by Di*. (coring, the animalcule being in a bent position, 
one of its characteristic attitudes. 1’he real length of this 
specimen was about the 25()th of an inch. 

Th(‘ structure' of the coat, or cuirass, is similar to that of the 
animalcule n'prescntcd in a, fig. 2, but it has a greater number of 
segments and a more graceful outline. Tlu* single eye is en(;rustcd 
in the shell. The antenntc have not as many articulations as 
those of fig. 2, and the inferior pair of palpi is more plumed at 
the extremities. The most remarkable distinction between the 
two species is, that tlic latter is mueh smaller and supplied with 
only a single* gill or respiratory organ under its beak. It has ten 
feet, and the female carries only a single bunch of eggs under the 
abdomen. In some individuals the n sjdratory organ observed by 
Mr. Pritchard has the form represented in n, fig. 0. 



Tig. 1. — The Tcrmes Einbia. 
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CHAPTEK I. 

1. Tht'ir classification. — 2. Their mischievous habit's. — 3. The coiisiitu- 
tioH (tf their societi«s. — 4. Chiefly confiued to the tropics. — 5. 
Figures of the kinir and queen. — 6, Of the workers and soldiers. — 
7. Treatment of the king .and queen.— 8. Habits of the workers. — 
!♦. Of the soldiers. — 10. The nymphs. — 11. Physiological < haracters. 
— 12. Fin»t establishment of a colony. — 13. Their use a.s food 
and medi<'lne. — 14. The election of the king and (jueen. — 15. 
Their subse<iuent treatment. — IG. The impregnation of the queen. 
— 17. Figure of the pregnant queen. — 18. Her vast fertility. — 
19. Care l>estowed ui*on her eggs by the workers. — 20. The royal 
body-guard.— 21. The habitation of the colony. — 22. Process of *iU 
con.structiuD. — 2‘J. Its chambers, corridor.**, and approaches. — 24. 
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Vertical sectum, bhowing iia internal arrangement — 25. View of 
tliOBc habitations. — 2C, Oontrivances in their construction. — 27. Use 
made of tliem by the m ilcl cattle. — 28. Used to obtain views to seaward. 
— 21). Use of domic summit for the j)reMervation of the colony, — 
30. Position, form, and arrangement of the royal chaml>er — its 
gradual enlargement fur the accommodation of the sovereigns. — 31. 
Its doors. — 32. The surrounding antecliainbers and corridors. — 33. 
The nurseries. — 34. Their walls ainl jiartitions.- — 35. Their ]>o.sition 
varied according t) the exigencies of the colony. — 30. The continual 
rejjair and alterations of the habitation. — 37. Peculiar mould which 
coats the walls. — 38. The store-rooms for provisions — the inclined 
paths which ap})roach them — the curious gothic arches which sur- 
mount the ajmrtmcnts. — 3!h The subterranean passages, galleries, 
and tunnels.— 40. Thu covered ways by wliich the habitation is 
approjtched. — 41. The gradients or slopes which regulate these covered 
ways. — 42. Tlic bridges by which tlicy ]>ass from (*ne part ul‘ the 
habitation to another. — 43. lieflections on these wonderful works.- - 

44. The tieuderness of their bodies render <‘overed ways necessivry. — 

45. When forced to travel above ground they make a covered way — 
if it be accidentally destroyed they will rc'construct it. 

1. Of all the classes of insects whitdi live in organised societies, 
the most remarkable after the bee are the family Termitina*, j>opu- 
larly known under the naim; of white ants, though they have 
little in common with the aul, exce]>t tlieir social character and 
habits. 

Much discordance has prevailed among naturalists respecting 
their history and elassiheation. They 'were assigned by Linnanis to 
the order Aptera, or "wingless insects. More e.\act observation 
has, however, i)rovod this to he erroneous ; siuee, in the perfect 
state, they possess membranous Avinps like those of the dragon-fly, 
which being: ihur in number, they have been more correctly 
assigned to the order KeuroptiTa. Kirby regards them as forming, 
together with the ants, a link between the orders Neuroptcra 
and Hymenoptera, being allied to the latter by their social 
instincts. 

2. Scarcely less remarkable than the bee in their social organisa- 
tion, tlu*y ditfer from that insect inasmuch as while the labours 
of the latter arc attended with no evil to mankind, but are, 
on the contrary, i>rod\ictive of an eminently useful and agreeable 
article of food, the Termites, so far as naturalists have yet dis- 
covered, are i)roduetive of nothing but extensive and unmitigated 
mischief. 

3. These insects live in societies, each of which consists of 
countless numbers of individuals, the large majority of which are 
apterous, or wingless. Two individuals only in each society, a 
male and a female, or according to some, a king and a queen, are 
winged, and these alone in the entire society are specimens of the 
perfect insect. The general form of their bodies is shown in 
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fig. 1 and fig. 2 ; the former representing the sjKJcies called the 
TvrtnvR vmhia, with its wings expanded, and the latUr the Termvs 
fatolU or helNcosuSy with its wings folded. 

4, With the exception of two or three small spicies, sneh as the 
Termrs lucifugiis^ described by I.atreille and Kossi ; the Tvrmes 
fiaviatUis^ describi'd by Uabriciiis ; and the Tvrmvs Jiavqu^s^ de- 
scribed by Kullar, these insects arc confined chiefly to the tropics. 

o. Kuch society consists of five orders of individuals — 

I. The queen or femah'. 

II. The king or male. 

III. The workers. 

I V. The nj mphs. 

V. The neuters or soldiers. 

The Ttntti s hi fliroHUs ov fatalU, which is represented in fig. 2, 
with wings folded, is shown in fig. 3 with wings exjxanded. 

The king or male, which never changes its form after losing its 
wings, is represented in fig. 4. 

0. The worker is represented in its natural size in fig. 5, and 
the soldier in fig. 6. 

A magnified \’iew of the worker is given in fig. 7, and a similar 
magnified view of the fonicps of the soldier in tig. S. 

7. The king and queen are privileged individuals, surrounded 
with all the r(‘spect and consideration, and receiving all the 
attendance and honours, due to sovereigns. Kxemptt‘d from all 
participation in Gic common industry of tlie society, they arc 
wholly devoted to increase and multiplication, the queen being 
endowt d with the most unbounded fertility. Though upon first 
passing from the pupa state they have four wings, they lose 
these apjK*ndages almost immediately, and during the period of 
their sovereignty they arc wingless. They are distinguished from 
the inferior members of the society by the possession of organs of 
vision, in the form of large and i)rominent eyes, their subjects 
being all of them blind. 

8. The workers are by far the most numerous members of the 
society, being about a hundred times greater in number than the 
soldiers. Their bodies also, fig. o, are less than those of the sol- 
diers, the latter being less than those of the sovereigns. The 
entire industrial business of the society is performc'd by the workers. 
They erc*ct the common habitation, and keep it in repair. They 
forage and collect provisions for the society. They attend upon 
the sovereigns, and carry away the eggs of the queen, as fast 
as she deposits them, to chambers which they previously prepare 
for them. They maintain these chambers in order, and when the 
eggs are hatched, they perform the part of nurses to the young, 
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feeding and tending them until they have attained sufficient 
growth to provide for themselves. 

9, The soldiers, of whom, as already observed, there is not more 
than one to every hundred workers, arc distinguished by their 
long and large heads, armed with long pointed mandibles. Their 
duty, as their title implies, iscontined to the defence of the society 
and of their common habitation, when attacked by enemies. 

19. The nymphs differ so little from the workers, that they 
would be confounded with them, but that they have the rudi- 
ments of wings, or, more strictly speaking, wings already formed, 
folded up in wing cases. These escaped the notice of the earliest 
observers, having been distinguished by Latreille. 

11. Naturalists are not agreed as to the physiological character 
of those three classes of the 8oei(;ty. Some consider the workers 
as the larva* which, at a certain advanced period of their growth, 
are metamorphosed into the nymphs, which themselves finally pass 
into the state of the perfect wunged inseci . 

According to Kirhy, tlu* soldiers correspond to the neub rs in 
other societies of insects. As he observes, however, tlu y differ 
from the neuters of the 8oei(‘ties of Ilymciioptera, which are a sort 
of sterile females. ili5 conjectures that llu* soldiers may be the 
larva* which are linally truusformt*d into the pi rb'ct male insect. 
Great diff erences of ojuniun, however, prevail on this subject among 
entomologists. 

For our j)roscnt purpose, those doubtful questions, whatever 
interest they may liave for naturalists, are altogetlier unimportant. 
What we desire at present to direct atti'ntioii to, is the curious 
manners and habits of these insects, which have been ascertained 
by' many eminent naturalists, and have been described with great 
niiuutencss by Snieathmau iu the seventy-tirst volume of the Philo- 
sophical Transactions, from whose memoir wo shall here borrow 
largely. 

According to {Smeatlimau, the following is the manner in which 
the establishment of each colony takes place. 

12. The pupu" or nymjdis, which compose, as has been stated, 
part of a society, are transformed into the perfect insect, their 
wings being fully developed and liberated from tlie wing cases 
soon after the first tornado, which takes place at the close of the 
dry season, and harbingers the periodical rains. The insects, thus 
lH*rfocted, issue forth from their habitation in the evening, in 
numbers literally countless, sw’arming after the manner of bees, 
Horne upon their ample wings, and transj)orted by the wind, they 
fill the air, entering houses, extinguishing lights, and being some- 
times driven on board ships which happen to be near the shore. 
The next morning they are seen covering the surface of the earth 

100 



USED FOU FOOD. 


and waters, deprived of the wings whicli enabled them, for a 
iiMiTiu lit, to eseajte tlieir numerous enemies. They are now seen 
as iar^'e maggots, and, from being the most active, industrious, 
and sagacious of creatures, are become utterly }icli>h'ss and 
coward]}', and lall a prey to innumerable enemies, to the smallest 
of wiiicli they do not attempt to offer the least resistance. Various 
insects, and espcciall}' ants, lie in wait for them ; beasts, birds, 
and reptiles, and t'veii man himself, all feed upon tliem, so that 
not one pair in many millions make their escape in safety, and 
fultil tlu‘ tirst law of nature by becoming the parents of a new 
coiiimimity. At this time they may be seen running upon the 
;; round, the mah- ]mi>uing the lemale, and sometimes two pursu- 
ing oin , and contending with the greatest eagerness for the prize, 
their jias.sion rendering them regardl<•^s of the many dangers witli 
which they are surrounded. 

Id. Mr. Kouig, in an essay upon the>e inlets, read before the 
soci(‘ty of naturalists at llerliii, says that, in sonn* parts of tlu* 
Kast indies, the queens are given alive to old men for strengthen- 
ing the back, and that the natives have a metliod of catching the 
M-iiigi-d insects, which he calls females, b<*fore the time of emigra- 
tion. Tliey make two lioles in the nest ; the one to windward 
aud the other to leeward. At the leeward opening, they place the 
mouth of a j)ot, previously rubbed witli an aromatic herb, called 
llergera, whieli more valued ther<> than the laurel in lOuropi*. 
On the windward side they light a tire of stinking materials, the 
smoke of which not only dri\es these insects into the j>ots, but fre- 
<pKntly the hooded snakes also, on which account they are obliged 
to he eautious in removing tliem. Dy tins method the y catch great 
quantities, of which they make w'ith llour a variety of pastry, 
which they can ulford to sell very cheap to the poorer ranks of 
jK.*ople. Mr. Kduig adds, that in seasons when this kind of food 
i.s \ery j>leutiful, the too great use of it brings on an epidemic 
cholic and dysentery, which kills in two or three hours. 

Mr. Smeathman says, that he did not find the Africans so 
ingenious in procuring or dressing them. They are content with 
a very hinall part of those which, at the tim<‘ of swarming, or 
rather ot emigration, fall into the neighbouring waters, w'hich 
they skim otf with calabashes, bringing large kettles full of them 
to their habitations, and parch them in iron pots over a gentle tire, 
stirring them about as is usually done in roasting coffee. In that 
state, without sauce or any other addition, they serve them as 
delicious lood, and put them by handfuls into their mouths, as 
we do comlits. Smeathman ate them dressed in this way several 
times, and thought them delicate, nourisliing, and wholesome. 
They are sometliing sweeter, but not so iat or cloying, as the 
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caterpillar or magj^ot of the palm-tree snout beetle, which is 
served up at all tlie luxurious tables of West Indian epicures, 
particularly of the French, as the greatest dainty of the Western 
World. 

14. Troops of workers, apparently deprived of their king and 
queen, which are constantly prowling about, o(;casionally encounter 
one of thcs(i pairs, to which they oiler their lionuige, and seem to 
elect them us tlu^ sovereigns of their community, or the parents of 
the colony which llieyare about to establish. All the indi\'iduals 
of such a swurra, who are not so fortunate as to become the objects 
of such an election, eventually perish under the attacks of the 
enemies abovf' mentioned, and probably never survive the day 
which follows the c^■enillg of their swarming. 

lo. tSo soon as this election has been made, the workers begin 
to cnolosi' their new rulers in a small chamber of clay, suited to 
their size, the entrances to wdiich are only large enough to admit 
themselves and the soldiers, but mueli loo small for the royal pair 
to pass through, so that tluir state of royalty is a state of coutine- 
raent, and so eontinues during the remainder of their lives. 

1(). The impregnation of the female is su])i)(»sed to take place 
after this conlinemeiit, and she soon Ix'giiis to funii>]i the infant 
colony with new inhafiilants. The care of feeding her and her 
male oomjainion di'volves njum the w'orkers, who su])ply them both 
with every thing that they want. As she increases in dimensions, 
they keep enlarging the cell in whieli she is di taiued. When the 
business of oviposit ion commences, they take the eggs from the 
female, and deposit them in the nurseries, ller^ abdomen now 
begins gradually to extend, till, in process of time, it is enlarged 
to b'jOO or 2000 times the size of the rest of her body, and lier bulk 
equals that of 20000 or HOOOO workers. 


17. A drawing of the prcgiuiiit queen in her natural size is 
given in fig. 0. 



Fig. 0.— Tho Puguniit Quocii. 

IH. The abdomen, often more than three inches in length, is 
now a vast matrix of eggs, which make long circumvolutions 
through numberless slender serjKntinc vessels : it is also remark- 
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able for its j^eristaltie motion (in this rescmblin^^ the female ant), 
wliich, like tlio undulations of water, produces a i>erpetual and 
.successive rise and 4ill over its whole surface, anti occasions a 
coiiJ^tant extrusion of the e^rgrs, amounting sometimes in old lemales 
to sixty in a minute, or eighty thousand and upwards in twenty- 
four hours. As these females live two years in tlieir perfect state, 
how astonishing must be the number produced in that time ! 

19. This incessant extrusion of eggs must call for the attention 
of a large number of the workers in tl'c royal chamber (and indetMl 
it IS always full of them), to tak(‘ them as they come forth and 
.‘arry them to the nur>crios ; in which, 'when hatched, they arc 
provided with hxxl, and receive every lUM’cssarv attention until 
they arc able to shift for themselves. One remarkahle eircum- 
stance attends these nurseries, 'fhey arc always covered with a 
kind ol mould, amongst which arise numerous globules about the 
size of a small pin’s liead. 'fhis probably is a specie's of Mucor ; and 
by Mr. Konig, wlio found them also in nests of an East India 
species of Termes, is eonje'ctured to be tlie food of tlu' larvLu. 

20. The royal cell has in it a kind of body-guard to the royal 
pair that inhabit it ; and the surrounding apartments always 
contain many, both labourers and soldiers in waiting, that they 
may suceessi^ely attc'ud upon and de'fend the common father and 
mother on whose safety depend the happiness and even existence} 
of the ^^holc community, and whom these iuithful subjects never 
abandon, even in tlieir last distress. 

21. Tlie habitations of the Termib s, which are generally of 
considerable magnitude, vary in form, arrangemoiit, and position, 
aceordiiii; to the species. Those of the Terntes hvlUcosusy dc- 
scrilx'd al)o>e, have generally a sugar-loaf or liay-coek form, and 
arc from ten to twelve feet high. In th<‘ parts of Afri(;a where the 
insect j>rcvail.s, these structures are so numerous that it is s(*arcoly 
possible to fiud a spot from which they are not visible in all 
ilirections within iifty or sixty yards. In the neighbourhood of 
Senegal, according to Adamson, their number and magnitude is 
so great that they cannot be distinguished from the native 
>illage>. 

22. AVhen fir>t treeb'd, the external surfaces of those conical- 
shaped habitations consist of naked clay, but in these fertih* 
idimates the seeds of herbage transported by the wind are speedily 
deix>sited upon them, w^hich germinating soon clothe them witli 
the same vegetation as that wliich covers the surrounding soil, 
and w’hen in the dry and warm season this vegetable covering ia 
scorched, they assume the appearance of large hay-cock.s. 

23. These vast mounds are formed of earth wiiich has been 
excavated by the workers from extensive tunnels wiiich have 
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been carried beneath the ^ound surrounding their base, and 
which supply covered ways by which the workers are enabled to 
go forth in quest of provisions. The int#ior of the mounds 
themselves are of most curious and complicated structure, con- 
sisting of a variety of chambers and corridors, formed wdth the 
most consummate art, and adapted in shape and size to tlie 
respective j)urp(>8(!S to wliicli they arc assigned in the general 
economy of the colony. 

24. In the superior part of the mound, a dome is constructed, 
surmounting the habitations of the animals so as effectively to 
shelter them from the vicissitude's of weather. This may be 
seen in the vertical section of one of these mounds, shown in 
fig. 10. The exterior covering of this dome is much stronger than 
the internal structurt' beneath it, which constitutes the habita- 
tion of the colony, and which is divided with siir])rising regu- 
larity and contrivance into a vast number of cliambers, one of 
which is ajqiropriated to the sovereigns, and the others distributed 
among the soldiers, the workers, as inirs(Ti(‘s, and as ston -rooms. 

The process by which these conical structures are raised is thus 
descrilwid. 

25. The habitation makes its first appearance as one or two 
small sugar-loaf-shaped mounds about a foot in height. While' 
these are gradually increasing in height and magnitude, others 
begiu to a])jK'ar near them, which like' wise increase in number ; 
and by the enlargement of their basis, ilu'y at length coalesce at 
the l(»wer juirts. The middle mounds are always the highest, and 
the largest, and hv gradually filling up the intermediate space 
by the enlargement of the bases of the several mounds, a single 
mound, with various sugai'-loaf-s»hai>ed masses of less magnitudes 
growing out of it, is produced, as shown in fig. 10. 

a a a.' Turrets by which their hills are raised and enlarged. 

2. A section of 1, as it woidd appear on being cut down through 
the middle, from the top to the bottom, a foot lower than the 
surface of tin* ground. 

A A. An horizontal line from a on the left, and a jwpendicular 
line from a at the bottom will intersect each other at the 
royal chamber. 

The darker shades near it are the empty apartments and 
passages, which, it seems, are left so for the attendants on 
the king luid cpiceii, who, when old, may require near one 
hundred thousand to wait on them every day. 

The parts which are least shaded and dotted, are the 
nurseries, surrounded, like the royal chamber, by empty 
passages on all sides, for tlie more easy access to them with 
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the eggs from the queen, the provision for the young, &c. 
N.B, The magazines of provisions are situated without any 
seeming order, among the vacant passages which surround the 
nurseries. 

n. The top of the interior building, which often seems, from the 

arches carried upward, to be adorned on the sides with 
pinna(rles. 

(I. The floor of the area or nave. 

1> I) i». The largo gall(*ries which ascend from under all the 
buildings Hi>irally to the top. 

K K. 'J'he bridge. 

.‘h The first appearance of a hill-nest by two turrets. 

4. A tree with the nest of the Termites arhorum, W'ith their 
covered way. 

I’ 1’ V r. Covered ways of tin; 'Termites arbor nm. 

o. The nest of the Termites arhonnn. 

(i. A nest of the Termites hcllicosi^ with Europeans on it. 

7. A bull standing sentinel upon one of these nests. 

0 G < 1 . The African palm-trees from the nuts of which is made th< 
Olemn paltn<e, 

2(i. AVhen by the accumulation of thes(‘ turrets the dome ha^ 
Imh'U (‘.onipleted, in wliieli process the turrets sup])ly the place of 
scaffolding, tlu? workers excavate the interior of them, and mukt 
use of the clay in building the partitions and walls of the apart- 
ments constructed in the base of the mound which constitutes 
their j)roi>er habitation, and also for erecting fresh turrets sur- 
mounting the mound and increasing its height. In this manner 
the same clay, which, ns has been already exjdaint d, was excavated 
from the underground ways issuing around the mound, is used 
several times over, just as are the posts and boards of a mason’s 
scaffolding. 

27. AVhen these mounds have attained a little more than half 
their height, their tops being then flat, the bulls which are the 
loaders of the herds of wild cattle which prevail in the surround- 
ing counti*)', arc accustomed to mount ujH^n them so as to obtain 
a view of the s\irrounding plain : thus placed they act as sentinels 
for the general herd wliich feeds and ruminates around them, 
gmng them notice of the approach of any danger. This circum- 
stanoe supplies an incidental proof of the strength of these 
structures. 

28. Smeathman states that w’hen he was in that country, and 
desired to obtain a view of the sea to ascertain the approach 
of vessels, he was in the habit of mounting with three or four 
of his assistants u])on the summits of these conical mounds,. 
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the elevation of which was sufficient to enable liim to obtain a 
satisfactory view. 

The suiK'rior shell or dome by wliich the mound is sur- 
mounted is not only of use to protect the interior buildinpjs fnim 
evtomal viohnee and from the tropical rains, but, from its non- 
conducting fjuality, to pr(‘serve that uniform temperaturo Avithin, 
Avhich is necessary for hatching the eggs and cherishing the 
young. 

.‘>0. 'l lic royal ehamber ap]>Topriatcd to the sovereigns engrosses 
much of the attention and skill of their industrious subjects. It 
Is generally jdaced about the centre of the base of the mound, at 
the le\< 1 (if the surrounding ground, and has the shape of half 
an egg divided by a jilaiu^ at rigid angles to its axis passing a 
little l>elow its ciuitre. Thus the shape of this chamber is that 
which arehiU cts e.ill a surmounted dome. Its iiiaguitude is pro- 
jHirtioned to that of the king and (|ueeu to wliom it is a])pro])riuted. 
ill the infant stab* of the e(jlony, before the (pieen is advanced in 
pregnancy, the diameter of this room does not exet'ed an inch, 
l)ut as the royal lady increases in the manner already described, 
the workers eoiitinually enlarge the room, until at length it 
attains a diameter of eight or iiiiu- inehes. Its tloor is perfectly 
level, and formed of clay about an inch thick. The roof is formed 
of a solid Well-turned oval arch increasing in thickness from a 
(juarter of an inch at the sides Avlien' it rests upon the tloor. 

ol. The (looi’s are cut iu the Avail, and made of a magnitude 
suitable to the eiitraueo luid exit of the soldicTs and AVorkers who 
attend on the royal pair, but much too small for the passage of the 
royal personages theius(.lA'e.s. 

1)2. Tins largo eliamher is surrounde<i by numerous others of 
loss dimensions, and \arious shapes, all of which haA'c arched 
roofs, some circular, and some elliptical. Tijesc eliam])ers com- 
municate with each other by doors and corridor'*. Those whicli 
an* immediately contiguous to the royal cliamber are appropriated 
to the soldiers, who arc iu immediate attendance on the sovereign, 
and to the Avorkers, whose duty it is to supj)ly and attend the royal 
table, and to carry uAvay the eggs as fast as they are laid by the 
net 'll. 

dd. Around these antechambers is another suite of apart- 
ments, con^i'^ting of store-rooms for provisions, chambers for the 
reception of the eggs, and nurseries for the young. The store- 
rooms arc eonstrueted like other parts of the habitation, with Avails 
and partitions of clay, and are always amply supplied with provi- 
sions, which, to the naked eye, seem to consist of the raspings of 
wood and plants, which the workers destroy. Upon submitting 
them to the mieroscoi>e, howcA’cr, they are found to consist prin- 
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cipally of vegetable gums and inspissated juices. These are 
thrown together in masses of different apjKjarancc, some resem- 
bling the sugar on jirescrved fruits, some transparent, and others 
opaque, as is commonly seen in all parcels of gum. 

The nurseries, on the other hand, are constructed in a manner 
totally different from tlio other rooms. 

34. The walls and partitions of these consist entirely of wooden 
materials, ceinenti‘d together with gum. TlustJ nurseries, in 
which the eggs are hatelicd, and the young secured, are small 
irregularly 8liaj)ed rooms, none of which exceed half an inch in 
width. 

3.5. When the nest is in the infant state, the nurscri(*s are 
close to tlie royal chamber ; but as in process of time th(‘ (lueen 
enlarges, it is necessary to enlarge the cliamber for her accommo- 
dation ; and as she tlu'ii lays a great numbiT of eggs, and requires 
a greater number of attendants, so it is necessary also to enlarge 
and increase the number of the antechamb('rs ; for which ])ur])os(! 
the small nurseries hrst built] are taken to ])i(‘ce8, rebuilt a little 
further off a sizt* larg(‘r, and tlu'ir numbtT increased. 

30. Thus they continually enlarge their apartments, pull down, 
repair, or rebuild, according to their wants, with a dt‘gree of 
sagacity, regularity, and foresight, not observed among any other 
kind of animals or insects. 

37. There is one remarkable eireumstauee attending the nur- 
series which ought not to be omitt<‘d. They ai*e always foiiiul 
slightly overgrown with mould, and plentifully sprinkled vith 
wliite globules, about the size of the ht‘ad of a small pin. Thes(‘ 
may be at tirst mistaken for eggs ; but submitting them to the 
microsooj>e, they ap]»car to be a species of mushroom, similar 
to the common mushroom, of the sort usually j>ickled. They 
appear, when whole, white like snow a little thawed and afU^r- 
wards frozen; and, when bruised, seem to be composed of an 
intinito number of jadlueid particles, having a nearly oval form, 
and dilHcuU to be separated. The niouldiness seems to be com- 
posed of the same kind of substance. Tlu‘ nurseries are enclosed 
in chamluTs of clay, like the store-rooms, but much larger. In 
the early stat^* of the nest, they are not bigger than a hazel-nut, 
but iu large hills are much more spacious. 

38. These magazines and nurseries, separated by small empty 
chambers and galleries, which run round them, or communicate 
from one to the other, are continued on all sides to the outer wall 
of the building, and reach up within it to two-thirds or thrt*e- 
fourths of its height. They do not, however, till up the whole of 
the lower part of the liill, but are contined to the sides, leaving 
on open area in the middle, under tlie dome, very much resem- 
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blinc: the nave of an old cathedral, havin*^ its roof supported by 
three or four very large Gothie arches, of which those in the 
middle of the area are soinetiincs two and three f(‘et higli ; but 
as they recede on each side, rapidly diminish, like the urehes of 
aisles ill perspective. A tlattish roof, without jierforation, in 
order to keej) out the wet, if the dome should chance to he 
injured, covers the top of the assemblage of chambers, nurseries, 
Ac. ; and the area, wliieh is above the royal eliamhers, has a tiat- 
tish tloor, also water-proof, and so contrivt‘d as to let any rain 
that may chance to get in, run otf into the subterraneous pas- 
sages which run from the basement of the lower apartments 
thrmurh the hill in various directions; and one of asUmishing 
magnitude, often liavint; a bore greabT than Unit of a large piece 
of ordnaiice. Smeathinan measured tlie diameter of one of 
these jiassages, w'hieli was perfectly <‘yliudrical, and found it to 
he thirteen inches. 

dth These subterraneous pas.sages, or galleries, ari* lined very 
thick with the same kind of clay of whieli the liill is conij>osed, and 
ascend the insitle of the outer shell in a s]ural manner, and 
winding round the whole building, up to the top, intersect each 
other at ditierent heights, opening either immediately into tho 
dome in various places, and into tlu* interior building, the 
new turrets, Ac., or eoinmunieating thereto by other galleries of 
dili'erent bores or diameter, either circular or oval. 

From every part of these large galleries arc various small 
tunnels or galleries, leading to diflereiit ]»arts of the building. 
Under ground there are many which lead downward, by sloping 
descents, three or four feet perpendicular, among the gravel, 
from whence the workers cull the liner parts, which, being 
worked up in their mouths to the consistence of mortar, become 
that solid clay of wdiich their liills and all their buildings, except 
their nurseries, are composed. 

40. Other galleries again ascend, and lead out horizontally on 
every side, and are carried under ground, near to the surface, to 
a vast distance : for if you destroy all tho nests within one 
hundred yards of your house, the inhabitants of those which are 
left unmolested farther otf will, nevertheless, carry on their 
subterraneous galleries, and invade the goods and merchandises 
contained in it by sap and mine, and do great miscliicf, if you 
arc not very circumspect. 

41, But to return to the cities from whence these extraordinary 
expeditions and operations originate, it seems there is a degree 
of necessity lor the galleries under the hills being thus large, 
beiug the great thoroughfares for all the labourers and soldiers 
going forth or returning u^ion any business whatever, whether 
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fetching clay, wood, water, or provisions ; and tliey arc certainly 
well calculated for the purposes to which they arc applied, by the 
spiral slope which is given them ; for if tliey were jicrpendicular, 
the labourers would not be able to carry on their building with so 
much facility, since they cannot ascend a jicrpendieular without 
great difficulty, and the soldiers can scarcely do it at all. 
It is on this account that sometimes a road, like a ledge, is 
made on thci ]>erjK;ndicular side of part of the building within 
their hill, which is tint on the upper surface, and half an inch 
wide, and as(icnds gradually like a staircase, or like those 
roads which arc cut on the sides of hills and mountains, that 
would otherwise be inaccessible ; bj" w'^hich, and similar con- 
trivances, they travel with great facility to every interior part. 

42. This too is jirobably the cause of their building a kind of 
bridge of one vast arch, wliich answers the ])urposc of a flight of 
stairs from the floor of the area to some oj)ening on the side 
of one of the columns which sup[M)rt the great arches. Such 
bridges short()n the distance considerably to those laboure rs who 
have the eggs to carry from the royal chamber to some of the 
upj>cr nurseries, which in some liills would be four or five feet in 
the Ktrttight(‘st line, and much mon* if earri(‘d through all tlie 
winding jmssagt's which lead through the inner chambers and 
apartments. 

Smeathman found one of these l>ridges half an inch broad, a 
qiiarUT of an incdi thick, and ton inches long, making tin* side of 
an elliptic arch of ])roportioiinl size ; so that it is wonderful it 
did not fall over or break by its own ■weight before they got it 
joined to the side of the column above. It was strengtliened by a 
small arch at the bottom, and had a hollow or groove all the length 
of the upper surface, either made purpose!} for tlie inhabitants 
to travel over with more safety, or else, which is not imprubahle, 
worn so by frequent treading. 

43. “Consider,” observes Kirby, “what incredible labour and 
diligence, accompanied by the most unremitting activity and the 
most unwearied celerity of movement, must be necessary to enable 
tliese creatures to accomplish, their size considered, these truly 
gigantic works. That such diminutive insects, for they arc 
scarcely the fourth of an inch in length, however numerous, 
should, in the space of three or four years, be able to erect a 
building twelve feet high, and of aprojwrtionable bulk, covered by 
a vast dome, adorned ■^■ithout by numerous pinnaolos and turrets, 
and sheltering \iiider its ample arch myriads of vaulted apart- 
ments of various dimensions, and constructed of different materials 
— that thej' should moreover excavate, in difterent directions, and 
at different depths, innumerable subterranean roads or tunnels, 
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twelve or thirteen inches in diameter, or throw an tueh of 
vt<iric over otlur roads leadin^^ from tlu' metropolis into the 
idjoining country to the distance of several hundr<‘d h id — that 
they should pregect and tinish the, for them, vast interior stair- 
eases or bridges lately described — and, finally, that the inillhms 
i^cessary to CACcute such Herculean lalumrs, ]>er^^etually passing 
to and fro, should lu ver interrupt or interfere with each other, 
is a miracle of nature, or rather of the Author of nature, far 
exceeding tlie most boasted works and structures of man: for, 
did these creatures e<|ualhimin sizt‘, retaining their usual instinets 
and activity, their buildings would soar to the astonishing height 
of more than half a mile, and their tunnels would expand to a 
magnitieent cylinder of more tliau three hundred feet in diameter ; 
lu fon* whieli the jiyramids of Egypt and the aqueducts of Rome 
wouhl lose all thtdr eelrbrit}', and dwindle into nothings. 

“ The most elevated of the pyramids of Egypt is not more than 
feet high, wliieh, setting the a\erage height of man at only 
live fel t, is not more than 120 times the height of the workmen 
em))loyed. 'Whereas the nests of the Termites being at least 
twelve feet high, and the insects themselves not exceeding a 
quarter of an inch in .stature, their edihee is upwards of oOO times 
the lieight of the builders ; which, supi>osing tliem of human 
dimensions, would be more than half a mile. The shaft of the 
Roman aijueducts was lofty enough to ])ermit a man on horseback 
to travel in them.” * 

‘Id. The ])udies of the Termites are geni'rally soft and covered 
with a thin and delicate skin, and lK*ing blind, they are no match 
on the open ground for the ants wlio an* endowed with vision, and 
wliose bodies are invested in a strong liorny sliell. Whenever tlie 
Termites are aecidem tally dislodged from tlieir subterraneous 
ix)ads or dw'elUngs, the various specie's of ants instantly seize 
them and drag them aw’ay to their nests as food for their young. 

do. The Termites are therefore very solicitous about preserving 
their tunnels and vaulted roads in good repair. If some of them 
l>e accidentally demolished fora few' inches in length, it is wonder- 
tul how' sj)eedily they rebuild it. At first, in their hurry, they 
advance into the ojK?n part for an inch or two, but stop so suddenly 
that it i^ very apparent that they are surprised, for although some 
run stmight on until they get under the arch beyond the damaged 
part, most of them run as fast hack, and very few of them w'ill 
venture through that part of the track which is left uncovered. 
In a few minutes, however, they will be seen rebuilding the arch, 
and even if three or four yards in length have been destroyed, they 
will recon.^truct it in a single day. If this be again destroyed, 
• Kirby, vol. i. T). 434. 
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they will be seen as numerous as ever passing both ways along it, 
and they will again in like manner reconstruct it. But if the 
same part be destroyed several times successively, they niU give 
up the point and build a new covered way in another direction. 
Nevertheless, if the old one should load to some favourite source 
of plunder, they will, afU*r a few days* interval, still rcwnstruct it, 
apj)arently in the hope that the cause of destruction will not ofi^ain 
occur, nor will they in that case wholly abandon the undertaking 
unless their habitation itself be destroyed. 
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4G. Tumt# built by the Termes luunlait and the Tcnu«*i» atrox.— 47. De* 
K'riptlia uf their utracture. — 4H. Their kinj;, iiueeD, worker, and 
eohlier. — 49, latemal structure of their liabitation. — 5<). Kciitaof the 
Tenses arlN^rum. — Td . I’roceas of their cosMiructitni.— 52. Hill nests 
os the Savanuahs. — 53. The Tenses lucifugus — the organisation cf 
tlwur societies. — 54. Habits of tlie workers and soldiers — the materials 
they use for building. — 55. Their cosstmction of tunnels. — 56. Nests 
of Uie Tenses arborum in tlie rcMris of houses. — 57. iHjstmctive habits 
of the Tensi*a bellieosus in excavating all species of w'ood-work - 
entire houses destroyed by them. — 58. Curious process by which Uiey 
fill with mortar t^ excavations which they make — destruction of 
Hr. Saeathmsn's micFoscoiie. — 59. Destruction of shelves and wain- 
scoting. — 60. Their artful process to escape observation.—^!. 
Anecdotes of them by Kcenipfer and Humboldt. — 62. Destnictiim of 
the Governor's house at Calcutta— destruction by them of a British 
ship of the line. — 63. Their manner of attacking timber in the open 
air— their wrjnderful power of destroying fallen timber. — 64. The 
extraordinarT behaviour of the soldiers when a nest is attacked. 
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65. Their rage and fury againitt thone who attack them. — 66. Their 
indimtry and ]»rom])titude in repairing the (iamage of thoir habitation. 
— 67. The rigiUnce of the aoldiert during the prf>ceMf< of repair. — 
68. of a aecond attack on their habitation, rx)udact' of the 

HoldierK. — 69. DiHk ulty of investigating the itnictnre of their habita* 
tione — oiiatinato <»p]H>Kitioii of the rnddiern- ilincoTery of the royal 
cbatnlK.T — fidelity*^ t}ieHubj<*cta t<» the aovereign -^-curioua experiment 
of Mr. Smuathniaii.- 70. Curious example of the repair of a partially 
doNtroyiMl iicHi.- 71. The mandittig TurriiitcH eiirioiiK ohnervatiim of 
their procoe<lingH lij' h^noathinaii— reiuarkabh* conduct of the soldiers 
on tho (K*cu!nion. 

d(>. A HiuttlUr K]w*ci(‘H of Tormifos erect habitations, which, if 
they arc of less dimenHions, are not less curious in their striicturo. 

These liuildinj^s arc iijuiKht cylinders, coni[)08cd of a wcH- 
tcmpmcl black earth or clay, about three quarters of a yard high, 
:iiid covered witli a r<M)f of the same material in the slia]>e of a 
cone, wliose Imse extends over and hanps down thn o or four 
inelies wider than the j>erpcndicular sides of the eylinder, bo that 
most of them resemble in shape a round windmill, or still mon; 
closely the round towers whieh are so fn tjucntly sim ii in In land, 
and whieh have attracted so mueh attention on the part of 
antiquarit‘s. Sum* of these roofs have so little elevation in tin* 
ce ntre, tluit tli«‘y have' a eleKse n'se rnblunce to ecrtuiii siiecies of 
mushreK>m. 

After one e)f these* turrets is iinislu'd, it is not altered or 
enlarg’d ; hut wlieii no longe*r eapahb* e»f eontainin^^ the* ceaurau- 
nity, the feuindatiem ed' unotluT is laiel within a lew inehe s of it. 
Seiinetinies, the^ug^h hut rarely, the seee>nd is Ix’gun before the 
tirst is tinislie-d, and a thirel befe>ro tiny liave- eeunpleted tlie 
se'i’ond : thus they wdll run uj> live e»r six e)f these turnds at 
the foot of a treH’ in the tliiek weH>ds, and make a iiuest sing;ular 
g:remp of buildingrs, us shown in tig. 11. 

1 Nest e»f the IVrtms mojtiajr, 

*2 Nest of the' Tt’i'fnrs oirojr. 

;j A turre t with tin* roof l)e'g:un*. 

‘1 A turret raised only about half its heigl\t. 
o A turret built upui erne which has been throwm down, 
tl b A turret broken in two. 

47, The turreU arc so stnmgly built, that in case of violence 
they will mueh stKuier i»vorst't from the foundations, and tear up 
the ground and solid earth, than bre'ak in the middle ; and in that 
ease the insects will fmiuently begin another turnt and build it, 
as it were, through that whieh has fallen : for they will connect 
the cylinder Mow with the ground, and run up a new turret from 
ita upi>or side, so that it will seem to rest ujwn the horizontal 
cylinder only. 
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48. In fig. 12 is ropresonted tho king or qnecn of the lerwes 
mordaxy in hg. 13 the worker, and in fig. 14 the soldier. 



ti:bmek mokdax. 


Fig. V2. 

t 4b ; 

FiK. 13. 

Fig. 14. 




Kiliff or Quocm. 

W’orker. 

H< .Idler. 


Tho building is divided info innumcTable colls of irregular 
HhapoH ; sometimes they arc quadrangular or cubic, and sometimes 
pentagonal ; but often the angles are so ill delined, that eacli half 
of a cell will be shaped like the inside of that shell which is 
coIUmI the sen-enr. 

49. Each cell has two or more entrances, but as tht re are no 
tunnels or galleries, ikj variety of upartments, no well-turned 
arches, w(K>den nurseries, &e., &c., as in the liabitations already 
descrilK'd, they arc not ealeulated to v\(. ite the same degree of 
wondt^r, however admirable they may be eonsiderc'd without 
reference t(» other struct urt*s. 

There are two si/.es of these turret nests, built by two dillerent 
apocics of TermiU's. 'I'he larger s|>eeies, the Tt rmes atrojr, in its 
perfect state, measures one inch and three- Unths from the 
extremities of the w'ings on the om* side to tlu* extremities on the 
other. The lesser, Tcrtitt s monlax^ nu asures only eight-tenths 
of an inch from tip to tip. 

50. The next kind of nests, built by anoUier s|>ecic8 of this 
genus, the Tvrmea arboruw^ have very little reseinblan(*e to the 
former in sha|H' or substance. Thc^se are generally spherical or 
oval, built in trees : sometimes they an‘ established bi‘tw’eeii, and 
sometimes surrounding, the branches, ut the height of seventy or 
eighty feet ; and an* o<*casioiially as large as a great sugar-coBk. 

51. They are wrajKised of small jmrtieles of wood and the various 
gums and juin*s of trtH's, combined with, ptrhaps, those secreted 
by the animals themselves, worktnl by those little industrious 
creatures into u paste, and so moulded into innumerable little cells 
of differtmt and irn^gulur forms. TIicm* nests, with the immense 
quantity of inhabitants, young and old, with w'hich they are at 
all times crowded, nn» used as food for young fowls, and especially 
for the rearing of Turkeys. Thest* nests ore very compact, and 
so strongly fixed to the boughs, that there is no detaching them 
but by cutting them in pieces, or sawing oft' the branch. They 
will even sustain the force of a tornado as long as the tree to 
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^hich th< v are attaohcd. Tins specion has the external habit, 
h\ 7 i\ and almost the (?olour, of the Termer ntrox. 

,yi. Then- are some nests that resemble the hill-nest ^ first 
thsMTilwsl, built in those sandy plains called Savannahs They 
.•r*' of black mud» raistd from a few inches Indow the 

while -and, and are built in the form of an im|HTtVct or bell- 
•'ha|H‘d (N>ne. havinj; their tops n)unde<l. These an* fyonerally 
als»ut four or five fe< t hijrh. They seem to be inhabited by 
itiM cts m arly as lar;:*- as tin* T*rmei hrliim^nx, and ditt’erinj; very 
!jtth‘ fn*m that si»eei« s. » xe-pt in c»*hmr. wliich is brighter. 

•id. Tbi* s^K'u ties nf 'J't rmts InctfutjuH^ discoven d by Latreilio 
at llourdeaux, are very numerous ; but instead of makinjf arti- 
tinul nests, they mak< their hKl^rments in the trunks of pines 
and oaks, where the branches diverp* from the lri‘e. They 
eat the w«>«Ki tlu‘ nearest the bark without attacking tin* interior, 
and b»*r* a vast nunil)er of hoh s and irn j^ular I'alleries. That 
part of tlie wo<kI npjM urs moist, and iseovered with little j^elntinous 
particles, not unlike ^Mim-arabic. These* mseet.s seem to he fur- 
nished wall an arid of a very |>enetratini; odour, which, [icrhaps, 
Is ust'ful to them in softi nin^ the wood. The soldiers in those 
siK’ietios are as nlioiit one to tw< nty-Hve of the labourers. 

Tin* anoiiyiuous author of the ohser\ ations on the Termites of 
t eylon, .seems to have discovered a seiitry-lHix in his nests. “1 
found.” says he, “ in a >ery small eell in the middle of the solid 
mass, (a cell about half an nieh in height, and very narrow',) a 
larva witli an enormous head. Two of thes< individuals w'ore in 
the same ci 11 ; one of the two seemed placed as sentinel at tho 
entrani e of the eell. I amused m\self by b^reinj; the door two or 
three times ; the sentinel immediately ap|K*ared, and only 
retri'iited whin the d<M)r was f)n the |H>int to bi* stopped up, 
which wa.s done in three minutes by the labourers.” 

.Tl. llavin;; thus ^mncii some nlea of their liahitations, we shall 
now" direct mir observations to the ins«*cts themselves, their 
manner of build in^^ fighting, and luarebing, and U) a more 
particular ac count of the vast mischief they cause to mankind. 

It is a eonimon character of the ditferent species which have 
lieen noticed, that the workers and the soldiers never expose 
themsilvt^s in the open air, but invariably travel either under 
ground, or along the holes which they bore in trees and other 
substancfs. When in certain exceptional cases in quest of 
plunder they are compelled to move above ground, they make a 
vault with a coping of earth, or a tube, formed of that material 
with which they build their nests, along which they travel com- 
pletely protected. The Termes btUicomB uses for this purpose 
the r^, and the turret-builders black clay ; whilst the Termet 
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arhorum cmployn for the purpose the ligneous substances of which 
their nests are composed. 

55. With those mut^'rials they completely line most of the roads 
leading from their nests into the various parts of the country, 
and travel out and home with the utmost sc^curity in all kinds of 
weather. If they meet a rock or any other obstruction, they will 
make their way ujMin tlie surface, and for that purpose erect a 
covered way or areli, still of tlie same materials, continuing it 
with many windings and ramifications tliruugh large grooves, 
having, where it is ]>osHihh‘, subterranean pii>e8 running parallel 
with them, into which they sink, and save themselves, if their 
galleries above ground are destroyed by any violence, or the tread 
of men or animals alarms them. When any one chances by accident 
to enter any solitary grove, where the ground is pretty well 
(Covered with their arched galleries, they give the alarm by loud 
hissings, which he hears distinctly at every step he makes ; soon 
afUT which he may examine their galleries in vain for the insects, 
which escape' through little holes, just large enough fur them, 
into thtdr subterraneous roads. Thest' galleries are large enough 
for them to ])ass and repass, so as to j>rev< iit any stoppages, and 
hheltiT tliem ecjually from light and air, as well as from their 
ijnernii's, of w’hi<'h the ants, being tlie most numerous, are thi‘ 
most formidabh‘. 

50. The Tfr mitts ttrborum^ those wdheh build in trees, fre- 
quently establish their ne.st8 wnthin the i\>ofs and otluT parts of 
houses, W’hieh tJiey do eunsiderahle damage if not extirpaUKl. 

57. The lorgiT sj>ecieK are, how'ever, not only much more 
destructive, hut more difficult to he guaixled against, since they 
make their nj>j»roacheh chiefly under ground, debceiuling below 
the foundations of liouscs and stort's at several from the 
surface, and rising again either in the floors, or eutiring at the 
l>ottora8 of the twsts, of w'hieh Uie sides of the buildings are 
eom|M)sed, bore <puU' tlirough them, following tlu* course of the 
tibres to the top, or making lateral jK'rforat ions and cavities here 
and thert‘ as they proceed. 

While some are employed in gutting the posts, others ascend 
from them, onU ring a rafter or some other port of the roof. If 
they on<*e tiud the thatch, which seems to he a favourite food, 
they soon bring up wet clay, and build tlieir pijws or galleries 
through the roof in various directions, as long as it will support 
them, sometimes eating tiu* j>alm-tnv leaves and branches of 
which it is wmjwstnl, and jH*rhaps (for variety seems very pleasing 
to tliem) the ra^n or other running plant which is used as a cord 
to tie the various parts of the roof together, and to the posts 
which support it ; thus, with the assistance of the rats, who, 
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durintr the rainy wason, are apt to shelter th«'mst‘lvcs there, and 
to burrow through it, they very soon ruin the house by weakening 
the fa**tenin>rs and ex|K>fting it to the wet. In the meantime, the 
will Ik; jHTforattKl in eveiy- direction, as full of hok s ^ that 
timber in the butU>m of shijw a'hieh has been b«»n*d by the worms 
the fibrous and knotty parts, which arc the hardtst, being left b* 
the last. 

•W. Tb« y sometimes, in carrying on this business, find that the 
post luts some weight to RUpptirt, and tin u, if it is a eonvenicnt 
track to the or is itself a kind of wofxl agreeable to them, 
they bring tlicir m<»rtar, and fill all or most of the cavities, 
baAing the iicctssary roads through it, and as fast as they take 
away the W(sHi, n place the va(miey with that material ; which 
l>eing worktd together by them cb»Her aiul more eonijaictly than 
hiimuu htnngth or art could rum it. when the Iioum- ih pulled U> 
jnece**, in order to examine if any of the arc tit to he used 

again, those of the softi r kiiui> an* often found reduced almost to 
a shell, and all, or a greater part, transformed from wtHjd to clay, 
as wdid and as hard as many kinds of Inestoiie used lor building 
in England. 

It is much the same when the 7VrmiVe« hvllicoHi get into u 
chest or trunk containing clothes and other things ; if the 
weight above is great, or tluy an afraid of ants and other 
enemies, and liave time, they eurry their jiipis through, and 
replace a great part with clay, running their galleries in various 
directions. The triH'-Termites, indeed, when they get w’itliin a 
Ikix, oftin make a nest there, and iK-iiig oiiec in ixisstssion destroy 
it at thi ir leisure. 'I'hi y did so in a pyramidal 1hi.v wdiich 
contained the oonijiouud mieroseo|H- of Mr. Snnathmau. It was 
of mahogany, and he dei>osited it in tin* wareliouse i»f (Jovernor 
<’am]»Ull of Tobago, while he made a tour of a few months in the 
lA'CWard Islands. On his return he, found that the Termites had 
done much mischief in the warehouse, and, among other things, 
had taken possession of the microseo|)e, and eaten everything 
about it except the glass or metal, including the hoard on which 
the jKHiestal is tixid, with the drawer.s under it, and the things 
enclost-tl. The cells were built ail round the iK;destal and the 
tubts and attached to it on every s>ide. All the gla.sse-s were 
covered with tlie wooden substance of their nests, and retained 
a cloud of a gummy nature upon them which was not easily got 
off, and the iaetiuer or burnish with which the brasswork was 
covered was totally spoiled. 

Another party had taken a liking to a cask of Madeira, and 
had bored so as to discharge almost a pipe of line old w'ine. if 
the large species of Africa (the Termites hellicosi) had been so 
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long in the uninterrupted pofiHcssion of such a warehouse, they 
would not have left twenty pounds weight of wood remaining of 
the whole building, and all that it contained. 

59. These insects are not less expeditious in destroying the 
shelves, wainsootting, and other fixturt‘s of a house, tlian the 
house itself. They are for ever piercing and boring in all direc- 
tions, and sometimes go out of the broadside of one post into that 
of another joining to it ; but they prefer, and always destroy the 
softer substanees the first, and are purtieularly fond of pine and 
fir-boards, which they excavate and earry aw'ay with wonderful 
desjtatoh and ostenishing cunning ; for, unless a shelf has some- 
thing sbinding u|»on it, us a book, or anything else which may 
tempt them, they w'ill not ]>erforate the surface, but artfully 
preserve it quite whole, and eat away all the inside, except a 
few' fibn's W'hich barely keep the two sides eonnerded together, so 
that a pieo<‘ (d an inch hoard wliich appears solid to the eye will 
not weigh much more than two sheets of pasteboard of ecpial 
dimensions, after thest* animals have been a little while in jwsses- 
sion of it. 

(Mb In short the Termites are so insidious in their attacks, that 
we cannot In' too much on our guard against them : they will 
sometimes In'gin and raise their w'orks, esp(‘cially in new houses, 
through the lloor. If you destroy the work so Iwgun, and make 
a fire uism the the next night they will atb mpt to rise 
through another part ; and, if they hupism to emerge under a 
chest or trunk early in tl\e night, will pierce the l>ottom, and 
destroy or sjmil everything in it Indore moniiug. On thest' 
accounts care is tukiTi by the inhabitants of the I'ouutry to set all 
their chests and boxes ujK>n stones or bricks, so us to leave the 
lK)ttoms of such furniture some inches al>ove the ground ; which 
not only pn^vents these insects finding them out so readily, but 
preserves the Indtoms from a corrosive damp which would strike 
from the earth through, and rot everything then*in ; a vast deal 
of vermin would tvlso h;\ri>our under, such as cockroaches, centi- 
pedes, milhq»edes, seoiquuns, ants, and various other noisome 
insects. 

61. Kmmpfer, si>eaking of the W’hite ants of Japan, gives a 
remarkable instance of tbe rapidity with which these miners 
proceed. I' pon rising one morning, ht‘ observed that one of their 
galleries, of the thickness t»f his little linger, had been formed 
across his iahie ; and upon a f\irther examination he found that 
they had bored a jwissage of that thickness up one foot of the 
table, fonned a gallery across it, and then pierced down another 
foot into the door ; all this wras done in the few hours that inter- 
vened between his retiring to rest and his rising. Thev make 
320 



THEIU VORACITY. 


thi ir wi y alw with tlie case into trunks and boxes, cTcn 

though nuide of mahofanuir, and destroy papers and ovrrythinj; 
ih<\ contain, constructing!: their frollerics and sometimes taking 
up their aUide in them. Hence, as Humboldt informs us, through- 
iiut all the warmer parts of c>quinoctial Amerini, where these 
and other destruetive insecta alxuind, it is infinitely rare to rind 
]»a|»«?-s which fifty or sixty years back. In one ni^;ht they 
xull devour all the iKKits and shot's that arc left in their way; 

< ioth, hn<*n, or Kxiks are equally to their taste ; hut they will 
not eat cottnn. They entirely e'lisunud a collirtion of insects 
made in India. In a word, scarcely anythinj; but metal or stones 
♦ orneH amiss tu them. 

<>2. It isevina»s«rt< d that tin su|>eTh residence of the dovemor- 
deneral at i’alcntta, winch cost the i.a-t India ('om]>any such 
immeDfH* sums, is now rapidly poinif to decay in eonsctpienoe of 
the attacks of these inM^ets. Hut not content with the dominions 
they have ae«|uired, and the cities they have laid low on terra 
tirma, t ru'ouruf’ed by sueci'ss, the w'hite ants have alM) aimed at 
tlie s<»vereifjnty of the oct‘an, and <moe had the hanlihood to 
attack even a llritish ship of the line : and in spite of the efforts 
of the wnimunder and his valiant ci%w, having lioardcd they fjot 
]K)Ssession of her, and handUsl her so rou^ddy, that when brou^^ht 
int<» jiort, Uing no longer tit for serviee, she was obliged to be 
broken up. 

The ship here alluded to wa,s the Albion, which was in such a 
condition from the attack of these instets, that had it not been 
tiriuly lashed together, it was thought she would have foundered 
<»n her voyage home. The late Mr. Kittoe stated that iho drt^juer% 
or droyaeni, a kind of lighUT employed in the West Indies in 
collecting the sugar, sometimes soswann with ants of the common 
kind, tliat they haye no other way of getting rid of thesi‘ tn}uble- 
some insecta than by sinking the vessel in shallow water. 

tid. When the Termites attack trees and branches in the open 
air, they sometimes vary their manner of doing it. If a stake in a 
hedge has not taken root and vegetated, it becomes their business 
to deitnyv it. If it has a go<xl sound bark round it, they will 
enter at the bottom, and eat all but the bark, which will remain, 
and exhibit the appearance of a solid stick (which some vagrant 
colony of ants or other insects often shelter in, till tho winds 
disperse it) ; but if they cannot trust the bark, they cover the 
whole stick with their mortar, and it then looks as if it had been 
dipped into thick mud that had been dried on. Under this 
covering they work, leaving no more of the stick and bark than 
is barely sufficient to support it, and frequently not the smallest 
}>artioie, so that upon a very small tap with your walking stick, 
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the whole stake, though apparently an tliick as your arm, and hvo 
or air feet long, loses its form, and, disappearing like a shadow, 
falls in small fragments at your feet. They generally enter the 
body of a large tree which has fallen through age, or b^n thrown 
down by violence, on the side next the ground, and oat away at 
their leisure within the bark, without giving themselves the 
trouble either to cx)ver it on the outside, or to replace the wood 
which they have removed from within, being somehow sensible 
that there is no necessity for it. “ Such excavated trees,*’ says 
Mr. Smeathman, ** deceived me twn or three times in running ; 
for, attem])tiug to step two or three feet high, 1 might as well 
hav<‘ attempted to step ujion a cloud, and have come down with 
such unexpected violence, that, besides shaking my teeth and 
bones almost to dislocation, 1 have been j^reei pita ted head fore- 
most among the neighbouring trees and bushes.’* Sometimes, 
though seldom, the animals are known to athiok living tries ; but 
not before sjmptoms of niortilieation havt* uppean^l at the roots ; 
since it is evident that these inseets are intended in the order of 
nature to hasten tlie dissolution of siieh tiv(*s and vegetables as 
have arrived at their greatest maturity and perfeetion, and w^hich 
would, by a tedious (l(‘eay, iir\(* only \o eneumlK'r the face of the 
earth. This j»iir[Mise they answer so effectually that nothing 
porishablo oscnj»es them, and it is almost inijwssible to leave any- 
thing innetrabh' uj)on the ground a long time in safety ; for the 
odds are, put it where you will abroad, they will find it out 
befow* the following morning, and its destruetion follow's very 
soon of course, lu eoiisequeiuMj of this disjxjsition, the woods 
never remain long eiunmbered with the fallen trunks of trees or 
their branches; mid thus it is that the total destruction of deserted 
towns is so eft'ectually completed, that in two or three years a 
thick wood fills the space; and, unless iron-iroot/ |K)8ts have been 
made use of, not the least vestige of a house is to le discovered. 

fil. The first object of admiration, which strikes one tijwn 
ojwning their hills, is the Uhaviour of Uieir soldiers. If you 
make u breach iu a slight part of the building, and do it quicUy, 
with a strung 1km? or pick-axe, in tlio space of a few seconds a 
soldier will run out, and walk alwut the breach, as if to set^ 
>vhether the enemy is gone, or to examine what is the cause of 
the attack. He >Yill sometimes go in again, as if to give the 
alarm ; but most friH]uently, iu a short time, is followed by two 
or three otliers, who run as fast as they can, straggling afW one 
another, and are soon follow'tHi by a large body, who rush out as 
fast as the breach will jx'rmit them, and so they proceed, the 
number increasing, as long os any one continues Ottering their 
building. It is not easy to descri^ the rage and fury they show. 
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In thiir hunr they frtHjuently mins their hold* and tumble 
di>wn the «ide8 of tlie hill, but recover themselves as quickly as 
jKtHiible: and blind, bite everything they run ajrainst* and 

thus make a crackling noise, while some of them beat n‘|)eatOiilv 
with their force|»s u|K>n the building, and make a small vihratir.j' 
noiw', something shriller and quicker than the ticking of a watch. 
This noLsi- can Ik- distinguished at three or four feet distance, and 
cuutiinics for a miuute at a time, with short iuttTvals. AVhilc 
the attack proceeds, they are in the most violent bustle and 
agitation, 

twj. If they get liold of any one they will, in an instant, 
h.t out hltH)d enough to Weigh against their whole body; and 
if it is the leg they wound, you will see the stain ujion the 
stocking extend an inch lu width. They make their hooked 
jaws mtsl at the lirsl stn»ke. and never quit their hold, but 
sntfer themse-hes he pulled away leg hy K g, and ]>ie<;e after 
pieev, without the least attempt to i.sca|>e. ( )n the other hand, 
keep out of liieir way, and give them no interruption, and they 
will, in less than halt an hour, retire into ^e nest, as if tliey sup- 
I»ost‘d the wonderful monster tliat damaged their castle to be gout 
U youd tludr reaeli. 

b<i. Ik- fore they are all got in, you will see the labourers in 
motion, and hastening in various direedious ttiw’ards the breach ; 
< ^eIy t>ne with a burthen of nn»rtar in his mouth ready tem|H.‘red. 
This tliey stick ujam the breach a.s fast as they come up, and do 
it with much dispatch and facility, that although there are 
thousands, and even millions of them, they never st4>p or embarrass 
tme anollier ; and you are most agreeably deceived wdum, after 
an appareut scene of hurry and confuMoii, a regular wall arises, 
gradually tilling uji tlie chasm. "While they are thus employeil, 
almost all tlu soldiers are retired (juite out of sight, except here 
and there one, wlio saunters about among six hundred or a 
thousand of the lalxiurers, but never touches the mortar either to 
lilt or carry it ; one, in iairticular, places hiiu.self close to the 
wall they aie building. 

b7. This a*ddier will torn himself leisurely on all sides, and 
every now and then, at intervals of a minute or tw'o, lift up his 
head, and w ith his forceps beat ujwn the building, and make the 
vibrating iioiM- Ix-fore mentioned ; on which immediately a loud 
hiss, which ap(»ears to come fh)m all the labourers, issues from 
witliin side the dome, and all the subterraneous caverns and 
[mssages : that it does come from the labourers is very evident, 
for you viTll see tbtm all hasten at every such signal, redoubh 
their pace, and work as fast again. 

6b. As the most interesting experiments become dull by repe> 
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tition or continuance, ho the uniformity with which this busincHs 
is carried on, though ho ve r}* wonderful, at last satiatt's the mind. 
A renewal of the attack, however, instantly changes the scene, 
and gratificH our curiosity still more. At every stroke we hear a 
loud hiss ; and on the first the labourers run into the many pipes 
and gallcricH with wliieh tluj building is ]K‘rforated, which they 
do HO cjuickly that tliey seem t<) vanish, for in a few si'oonds all 
are gone, and the soldiers rush out as numerous and as vindictive 
as before. On finding no enemy they return ag.ain leisurely into 
the hill, and very soon after the labourers npj)ear loadcvl as at 
first, as active an<l ns sedulous, with sedditu-s here and there 
among them, who net just in the same manner, one or (dher of 
them giving the signal to hasten the business. 'I'hus the* ])lca8ure 
of seeing them come out to fight or to work altt-rnately may 
obtained us often as curiosity excites or lime pr rmits ; and it 
will certainly he found, that the one order nt ver attempts to 
fight, or the other to M'ork, let the <*nu*rgeney he ever so great. 

(19. We meet vast ohstueles in examining tin* interior parts of 
these tumuli. in th^ first place the w«»rkH, for instance, the 
apartments which surround the royjil ( humher and tin* nurse ries, 
and ind(‘ed the wh<*l(‘ internal fabric, are moist, and const‘(iuently 
the clay is very brittle; they have also so (‘lose a (Connection, that 
they can only he sim'U as it were by ]neoem(‘al ; lor having a 
kind of geometrical dependence or abutment ag.iinst t aeh other, 
the breaking of one arch pnlls down two or thrt'e. To these 
obstacles must he added the obstinacy of the stddiers. who tight 
to the very last, disputing every inch of ground so well as often 
to drive away the negrtu's who are without sIohs, and make 
white jx'oplo bleed plentifully through tlieir stockings. Neither 
can wo let a building stand, .so us to get a view of the interior 
parts W'ithout interniption, fur while the soldiers are defending 
the outworks, the lahmmTs keep barricading all thi way against 
us, slojjping up the ditferent galleri»‘s and j>assagos, which lead 
to the various apartments, particularly tlie r(>yal ehamlxT, all 
the entrants to which they fill up so artfully as not to let it be 
disting\mhuhlo, while it n'mains moist : and externally it has 
no other ap|>earaneo than that of a shajH lcss lump of clay. It is, 
however, easily fi>\md from it* situation with respect to the other 
part* of the building, and by the crowds of labourers and soldiers 
which Kurrotind it, who showr their loyalty and fidelity by dying 
under it* walls. The royal chamb<'r, in a large nest, is capacious 
enough to hold many hundrtxis of the attendants, besides the 
royal pair, and you aU*ays find it as full of them as it can hold. 
These foitliful subjects never abandon their charge, even in the 
last distress, for whenever Mr. Smeathman took out the roval 
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chamkr one of the hills, as ho often did, and prestTved it 
iur NJiQo tBne in a large glass bowl, all tho attendants ^^mtiuued 
niuniiig in one dirtclion round the king and qinen with the 
utmost soluitudo, some of them stopjung in every eircuit at the 
hi ad of the latter, as if to give her something ; when they came t ‘ 
the < xlreniUy of the abdomen, they took the eggs from her, 
(•arrying them away, and piled them carefully U>gethej in some 
part ul the ehainlHr, v*r in the Ih>w 1 under, or beliind any pieces 
of broken clay, \shieh lay most conveuiehl lor the pur|H>se. 

S*me of tht M unhappy little ereatuns would ramble from the 
ehamUT as it t*» explore the eanse of siieh a horrid ruin and 
eaUtstroplu tt» their immense buildings, as it must apiK^ar b) 
them , ami utter fruitless 4 udeuvours to gi t over the side of the 
Wal, r* turn ami mix with tlu‘ crtjwd that eoiitiuued running 
n*und their eoimuoii parents to the last, t >lhMs. placing themselves 
along h« r side, woul<i get hold of the queen's vast matrix wuth 
their jaws, and pull with ail tlu'ir streiiutli, so as visibly to lift 
up tlu purl which they tix at ; hut Mr. Ntmuthniau who idiserved 
this, was unable t4» det4 rmiiie whether this pulling was with an 
int* ntioii to remove her body, or to stimulate her to iuo\e herself, 
or for any otlo r juirjtosi . After many im tleetual tugs, they 
Would desist and join in the eruwd running round, or assist some 
of th'^se who an cutting oil clay from the i .vlenial parts of the 
ehamlHr, <'r Muue ol tlu fragments, and moistening it with the 
juuis of their bodies, U* begin to wmrk u thin arched shell over 
tlie lKKi\ of tile quein, a.s it to exclude the air, or to hide her 
from tlu observation of some enemy. Tlu m , if not interrupted, 
Ik ton* the next morning, eoiupleti ly eoNer Iu r, leaving room 
iimugh within for great uumlars to run al*out her. 

The king, being ^e^y .small in projiortion t<i the queen, generally 
couceala himsidf under oiu side of iu r abdomen, except when he 
g4>es up to the qu(.« n’s luad, which he dois now and then, but not 
so friqiumtly a> the rest. 

70 . If in your attack on the hill vou stop short of the royal 
ehambiT, and cut dow*n about half of the building, and leave 
ojHm s4»mL thousands ot galleries and chambers, they will all be 
shut up with thin sheets of clay before next morning. If even 
the whoh IS pulled down, and the ditterent buildings are thrown 
in a coiifuM d heap of ruins, provided the king and queen are not 
destroy tsl i>r taken away, every interstice between the ruins, at 
which either euid or W't t can possibly enter, w'ill be so covered as 
to exclude b^^th , and, if the animals are left undisturbed, in 
about a year they will raise the building to near its pristine size 
and grandeur. 

71. The marching Tennites are not less curious in their order 
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than thoBO doMribod before. This species ftoems scarcer 

and larger than the Termen hellicomn. They are little Known to 
the natives. Smeathman had an opportunity of obser\’ing them 
by mere aocident ; one day, having made an excursion with his 
gun up the river ( 'amcrankoes, on his return through the thick 
forest, whilo lie was sauntering very silently in hop< s of tinding 
HOUK! sport, on a sudden he heard a loud hiss, whicli, on account 
of the many scrjients in thcs(* countries, is a most alarming 
sound. Tlio next stc]) eaiised a repetition of the noise, which ho 
soon ree,ogniHed, and was rather siirprised, seeing no eoven d ways 
or hills. The noise, however, led liim a few' paces from the path, 
wliere, to his great astonishment and ])leasurt*, In* saw an army of 
Termit(‘s eoining out of a hole in tin* ground, wdiieh could not ho 
aljove four or live inelics ■wide. 'J'luy came out in vast numbers, 
moving forw^ard as fast seemingly as it was ]M>ssihle for them 
to march. In less tluin a yard from this place they divided 
into two streauiH or eohnnns, eoin])osed (huHy of hiho\irers, 
twelve (U* tilteeii ahniisi, and erowded as close aftt r on(‘ another 
as sheep in a dnjve, going straiglit forwaid, without deviating to 
the right or the Udt. Anuuig these, lure and tlure, om* of the 
siddii rs was t<» he seen, trudging along with them in the sann 
nianiu'r, mitlur stopjung nor turning: and as lu (‘urried his 
(Miormous large head uilli a]»parenl dilHeulty. he appt arcsl like a 
v<Ty lnrg(‘ ox amongst a lloek of siieep. Wluh* these "were 
hustling along, a great many siddiiu s wtr«‘ to he sem spit ad 
about on both si(l<s of the two lines (d’ luareli, some a foot or two 
distant, standing still or suuntenng about us if upou the look-cut 
lest some enemy should suddenly eoine upon tlu* -workirs. Hut 
the most extruordiuary part i*f this iiuireli was the eonduet of 
some others of tlie soldiers, who, having mounted tlu' plants 
which grow thinly here and there in the thii-k shade, had phieed 
thcmsches upon the |>oiiits of the leaves, whieh Were elevated ten 
or lifteeii inehes above tlu' ground, ami hung o\er the army 
mandung lielow. Kvery now and then one or other of them l>eat 
with his foreeps u|hu\ the leaf, and made tin same sort of tiekiug 
noise, whieli he hud s(» fre<iueutly obstTVed to Im? made by the 
soldier who acts the part of surveyor or su|H'rintendent, when the 
labourt'rs art' at W'ork repairing a breach made in one of the 
common Kills of the TermiUs This signal among the 

marching white ants produced a similar elleet ; for whenever it 
was made, the whole army ndurned a hiss, and obeyed the signal 
by increasing their ]mee with the utmost hurry. The soldiers 
who had mounUnl aloft, and gave these signals, sat quite still 
during tlie interval (oxeoj>t making now and then a slight turn 
of the head), and seemed as solicitous to keep their posts as 
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p s^iiar w ntinclji. The two columns of the army joined into one 
aiwiut tw<l\c or fifUvn paces from their »t‘paration, havinc in no 
|»art U^»T? uiwve thn-t- yards asunder, and then descend«*<l int4> tijo 
< arth hv ttr(* or three holes. They continued murchinj^ by him 
hir al>ov< an hour that he stootl admiring them, and seenn-d 
leithirto incrtase nor diminish their numlHjrs, the soldien* onl\ 

• \f^|ited, who quittid tlie line of march, and placed themselves 
nt diHVrent d 5 stan<-''' on each side of the two columns; for th»‘y 
a}.]S'are<i much more numerous lM‘for<' lie quitted the sjHd. Not 

* t*> sot :i!i\ change in tlu ir march, and lieing pinelnd 
t r tine , th» ti<h- )>• nig nearly un. and Ins departure being tixed 
.1* high-u liter, hi (jUJittd th« Mem nith some regret, as tin* 
■ hservut!"!! of a du\ two might have aflonlt d him the oppor- 
tunity of 1 vpl inng til. r»ti-^on and iue‘ssit\ of their marching 
with Ml* h < \j*editi"n, as w< I 1 of diseo\tring their chief settle- 
im iit. nliieh cs pr>*lia)th luiill in th» saim m mm r as tin largi‘ 
hid' hi'inre <i( s(ti)k d. It so. It may )*» iargei and more curious, 
as these iiis<els wan at least om -third hirgi r than tin* other 
split' s, and eoiiMijm ntly their huihhngs must lie more W’omlerful, 
d possihh . tlius much is o rtaiii, thi re must h* some lixoil phiee 
f 'f thetr kiiio and ipioeTi, ami tin- younu ori' s. (it these species 
111 did not Ml the piihet ins.et. 


In tim , allhougli the curious and int< n sting liahitsand manners 
which iia\t Ikui lu n ileseriheii hav< h. en Will as(,*ertajned 
and accurately (d>s, rvid, naturalists an not y» t agreed us to 
the trm j'hysiologiral (haructers of tie* most nuim rou.s of the 
ehiss, ^ roTii posing tliex- i omniuiiities. 'Idiu! the tW ' indn iduahs 
ealled tin king and (pnen in tin pieci diiig pagt s, are |K'rfect 
lrl•M.ct^. d<pri\ed ot tluir wiriL's, .seems to lx- on all liandrt 
admitted . and that they an- ki jtl for the s]h*< lal jmrposc* of j>ro- 
]>agati<ir,. ami honoured as the common jmrents, is also certain. 
Hut thi' true character of tlic multitudi- of workers and soldiers is 
imtsodiar. I.atnilh inferred that the workers of Smeathman 
consist of tin Ian;e and piipte, which later pass into the p<.rfeet 
state, assuming wings, and swarm in the manner already desc^rilied; 
and that iht M»ldiers ar an order apart, W’hmh never assume the 
|*erfcct state, and are incapable of reproduction. To this, 
Hurmeistcr obj* ets, that there is no instance in the whole animal 
world in which tiie undeveloped voung labour for the* old; and 
therefore doubts that the workers can be larva^ or pupjc ; to which 
may bt* added, that these so-called ]ar\u‘ still retain their form 
whtn the w'inged individuals apjjcar. Huber also doubts that 
the setldiers can be* properly called neuters, and Kirby thinks they 
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aro^probably male larva;. WcBtwood Kuggests that the soldiers 
as well as the workers remain wingless without changing their 
form, their development stripping short before arriving at maturity, 
and thereby some individuals oerjuire that enlarged head which 
distinguishes the soldiers, and that the real larva; of the com- 
paratively few sfK'cimenh M'hich ultimately become winged, are as 
yet unknown. 

These vague and discordant conjectures of naturalists so 
eminent, show how much still remains to be discovered of the 
physiology of the White Ants. 
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— 59. Africa. — 60. It« cluuaiiiliigical zone*. — 01. The Tell ati(! 
Sahara. — 62. Valley of the Nile. — 03. Tlie central belt. — 64. The 
foorth fone.— 66. The loutheni zone. — 66, The eoaata. 

1. Mi^in of the name. — The division of general instruction to 
which the desttriplion of the surfw;e of the earth has been con- 
signed, is culled deography^ from two Greek words yrj (ge) tlu‘ 
earth, and (grapho) 1 descrilK*. 

2. Preliminary knowledge. -I'he globular form of the earth, 
— its rotation over}* twenty-four hours on its axis, — its jwles and 
equator, the imaginary lines u|Kin it ealled nu ridians and jniralb Is, 
-latitudes and longitudes by which the positions of jdaecs 

relatively to tho equator and to each other are exprt^ssed,- the 
metliods of ascertaining these jKisitioiis for all places, — the division 
of the globe into the northern and southern h(‘inispheres by the 
equator, and inbi the eastern and western hemispliert's by the 
meridian of Greenwich,— ha\c bet n severally explained in our 
Tracts on tho “Karth'’ and on “Latitudes and Longitudes.’* 
All these points eonstitute mdisjHiisable preliuiiuaries to any 
elear or satisfaeUirv knowledge of ge(»gruphy, and we shall tlieri - 
fore assume in the present Tract that the leader ha.s already 
In come lamiliur with tlu in. 

3. The diatributioik of land and water on the surface of 
the globe furius the lirst sti p m geographieal knowledge. The 
entire terrt'st rial surfaee measures nlnmt two hundred Juillhms of 
s<juaiv mih's. Wry marly three-fourths of this is eovered with 
W'abT. The whole surfaee would In* so if it Wi ie uniformly level. 
Hut being unequal, siuue ]uirts Indiig more eh \ated, ai*d olliers 
less so, the water, in ohedit net to tlu' law ot gra> ity, si ttles uj>ou 
the lower le\els, leaving the more elevated parts dr^ , It is thus 
that the Almighty has “ gatliered the wutt rs into mie plaee,” and 
made ‘*the dry land apinar,” and to the “ gathering of waters” 
has given the name Svuf^, 

J.und is therefore nothing more than the suniiuits and ilevated 
])luU‘aux of vast mountains, the bases of whieh are at tlie bottom 
of the wuU r whieh thus tiovers three- fourtJis ol the surfaee. 

4. The undulatioiui of the terrestrial surface are extn'mely 
diversitied and irregular, and since the distrihution and outlines 
of the land are determined by them, the latter are equally 
various and complicated. Tlic deelivities by which these elevated 
j^iorts hlojK' downwards, determine the lines atH\>rding to which the 
waters of the sea wash them, and these outlines give those 
]H}Culiar forms and characters to the land, the description and 
knowledge of whieh forms a largi' part of geography. A system 
of terms has Ken invent^Hl by whieh thesi‘ various forms are 
ex])n'ssi4 and elussiiied. 

130 



ij*LANi>s and Continents. 


. 1 . «coffrmphieal Terms. — Although thtso tt'rms do not 
always admit of rigonms detinitiou, aud their application is 
oJu n more or Icjsm arbitrary*, they are nevertheless % mmently 
u-«ful. and indit'd essential t«» tin acquisition of a gvin ral 

kii' wledge of gtx)grsphy. 

Tf. IsUnds are tracts of laml surrounded hv water. The term, 
howf ver, is generally limited to traets of not very rt)nsiderable 
- \ t< nt. When Very siimll tin y are often called iitlra or i>/efs. 

The distribution of islands is not uniform. In s(»me parts tliey 
are thickly elusteTod togi tin r within a limit'd extent of water. 
V jtarl of thi’ sea thus sprinkled with islands is ealU'd an arehi- 
js log a name wlmh waslirst applied to the ..Kga-an Nt:tt, whieh 
-•pant!*" nrej-if* from Asia Minor, hut which lias In'en geiieraliseil 
s,. as t» signify any purtom ui the talers of the globe having a 
likf I li.ar.'t) t'f. 

Islands are found lor thi nu»st part in the imnu diate vieinity 
■ I the < i»asts of much largt r tracts of laiul. In this ease they are 
• \iihntly parts of sucli traets, separattil from them only hy 
\ alh y so l<nv that the sea flows through them. Istnuls, how- 
i\tr, an also soimtinus f.niml in groups, .sometimes ranged in 
lims, and sonu tuius, though md Ireepu fitly, rising singly and 
i''<dat*d in tin midst of tht oce^an. 

7, OoutiiicnU are tnuts surnnineh d hy w'ate r, wliose* magni- 
tude inars u eoiisiderabh' prop<»rtion to the entile surfaee i»f thi 
gloh*. 

It will Ik easily undtrst»M>d that this distinction h-twren 
.damU and csnitiiients, dojM iuliiig e»nly on flu ir e>impurati\e 
magnitudes, must he arhitrari, so long as no e\aet limit is 
.I'sigiud at whieh tt tract ed land suirounded by water ceases to 
h^ .ill idaiid and Ix'isuiu s a eoiitim nt. 

Tbi tract iu the southern hiUimplo re, ealb d Jox/ru/e'o, was 
tv*riiu il\ c hissed as an island. Mon n ei utly g« ograplu rs give it 
tin title, ed a eontirie-Iit. 

IhsicKs tills, there an- only two eoiitine iits projs riy so ealbd on 
the. gloln-, e aeh of which has >ust magnitude, the one lying in tlie 
eastern, ;ind llie other iu the western In misphere. 

Tht" Sasiem Continent* sciinetimes called the f/rcat con- 
rinrtit, lueludes Kuroj>e, Asia, unci .\friea, each of whieh has re- 
e * i ved llie name eef font iiient. though tin w hole forms one continuous 
tract of laud, belweiu any two of which it is jiossiblt to 

pass without cros.siiig a se-a, 

* Elyun‘ln:^^l'* an* net n.utsd origin of this term ; s-jinc f'up- 

it to K- ^sjuip^s***! <‘f o^ixOf tare-hot's chief, and irtXayos . 

a s<*a, ami others of Al-joatr laigai -j and irtAajvs, the .fga-au Sea. 
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The Western or loBftcr continf^nt oonsiHts of North and South 
America. 

The groat or eastern eontinent, having bc<‘n known to the 
ancients, is often called the (Hd Cotittnrnt or the Old World, 

The wcsteni, having Iwen unknown until its discover}" by 
ColumhuH in the lifteenth eenturv', is often calh*d the Neu> 
World. 

H. Fcnln»uUui are tracts, in arly, hut not altogether, surrounded 
hy wnt4‘r. 'I'he nuine is coinjHiMed of two Latin W'ords, 
ulmost, and iusuln^ an island. 

R. IflthmuscB are narrow necks, hy which two comparatively 
largo tracts arc connected together. Isthmus is a Greek word, 
liavingthe same signification. 

The most remarkable examples of an isthmus arc ]>resonU*d hy 
the narrow tracts hy which Africa is c<»nnected with Asia, and 
South W’ilh North Aineri<'a. The former heing t ailed the Isthmus 
of Suez, and the latter the Isthmus of Pauumu. 1’w'o towns, 
hearing these names, are built, one u|K»n tin former isthmus, on 
the coast of the Ut‘d Sea, and the other ujsm the latter, on the 
coast of the INicific (h^enn. 

iVninsulas ar<» tiften thus coniu'ctt tl hy on istlimus with the 
mainlands, to which they In long, hut not always so. The name 
peninsula iHgi\en to traets of land which, though partially sur- 
rounded hy water, arc nevertheless e.iniurted with the mainland 
hy tracts much too broad to Im* entitled to the nanu* of isthmus. 
Examples of this class of |H‘ninsulur form art‘ numertms, and 
among them may he m(‘nti«»ned the part of Southern Europe, 
w’hich includes Spain and Portugal, called the Simnish PeninsuUi 
(Map o.) ; the part of Italy, south of l.omhanly and Piedmont, 
eailed the Jtaliuu Peniusulo : the southern ]»art of (irce<‘e, called 
the lUUvuic Pvuinsuia (Map (») ; India, and numerous other 
similar masses of land, projecting in a pointed form into the 8t*a 
(Map 7). 

10. Promontory is a name given to a tract of land, of greater 
or 1(‘SH elevation ulnive the level of the st u, which jut« out from a 
comparatively large extt'iit of land, and which therefore is 
jH'uiusular iu its form. The t* rm, however, is usually applied to 
tract* of less extent than those which are denommated {>eDinsala8. 

1 1 . Oapes and Mcadlonda are juvmoutories having consider- 
ttWe clevutiiUi, so as to be visible fri>m a great distance at sea. 

12. The Relief of the l«and has received different deno- 
minations uccordiog to ita varying elevation above the general 
level. 

IS. Flaini ItowUuida arc parts of the land not much 
raised above tlic level of the sea, having considerable extent, 
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Variou^ natnen arv pv’en to such tracts acix»rdinj; to langua^ 
of th» <*<nnitry and tludr condition in rfsjMft to vcj^i^talion. Thus 
ai; sandy plain, destitute of all vegetation, ia called a 

Jh>tt4rt ; an example of such a plain on an imnu ntM* ^eale is pre> 
M iittd by th«* Desert of Sahara^ in the North of Africa. Such 
plains are called lAtnfirs in France, Stepf»es in liussia, lad 
IJaoffS^ Dampa^f NV/rus, Sarunnatm, and J*rairir.s^ according as 
iht y are more or less covcrctl with vegetation, in North and >South 
America. 
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It. Flateaux and Tablelanda are extm^ixc Icvtl tracts, 
phus d at eioihiderable t lcNations alxivc the b v» 1 of tlie .h«-u, or 
the gt‘neral It ^ fl of the surrounding country, o tig. 1 . 

lo. iftii* are elcAatioiis n<*t exceetling alnuit libHI feet in 
height alx>\e the jduin at their bu.se, and hu\ing an outline 
\unously formt^il . rouiui<‘d, r, tig. 1 . ; ridged, #/, tig. I, or jH'uked, 
tt** r, tig. 1 , and tig. IL 



16. Mniiulalm are elevations geuerally exee<'ding l()iK) feet 
in lieight, and lik».wi.st subject to a similar \ari» ty of forms, 
us shown m tig. II. 

The application of these terms “hills” and “ mountains” is very 
arbitrary, elevations which receive the name of mountains in one 
place Im ing lower than those- called hills in another. 

The forms of mountains arc xery various, and have an im- 
{lortant ndation to their extenial structure, (icologists are often 
able to determine the character of the rocks of which they consist 
by their outline. Thus, when the outline is cliaracU-rised by 
needles rising U* comsiderahle elevations, as in fig. 4, the moun- 
tainous mass consists of the rocks called Gneiss. Such peaks, 
which are frequent upon the chain of the Alps, are called needles^ 
teethy and horns. Mountains are sometimes columnar in their 
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Htructure, m in 5, rcBrmblin^ fortifications seen from a 
distance. In this case they are usually formed of calcareous, that 
is, limestone rocks. Mountains composed of the same rocks also 


Fig 3. Tig 4. Fig. .*1. Fig. <•. 



Variiiiih (ortiiH of 


frequently iiKsiime the form shc»\vn in fig:. 6, as il’ tliey W( re eiil 
into fonning a sf ries of horizontal stages one above the 

other. 

Mountains whieh assume the peaked or eonieul form, with a 
cavity or eiip-likc depression at tluir Mimmits, are always ot 
volcanic origin. 
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In fig. 7, an example of this is presented in the ea,s<.‘ of liarren 
island in the Ray of Ihmgal, eonsisting of a voleanic cone, 1848 
feet high, which is fn*queiitly in a staU* uf eruption, surrounded 
by other peaks of similiir formation. 

17. Syatems or Ohaiim of Mountjsins consist of sinies ot 
mountains, of varying elevation and form, which are often con- 
tinuinl over the whole extent of a continent, 

18, Oceana. — The ixm figuration of tlie sea, doterminiHi by the 
form <»f the lines in iwhich it unites with tJu* land, mHHJssarily 
eorresjwuds iih the eoufigumtion of the land, and such forms 
are exprissed hy a system of gi'Ographical terms of oomdative 
signification. 

What a continent is to the land an oceun is to the water. This 
term, therefore, signifies a vast tract of water, unbroken, for the 
most part, by anv tract of land. 
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tMnj; t^> tho peculiar dijitribution of land and water on the 
irh>Hf , It lollrtwf that, utrictlr apcaking, there ig but one 
octan, betwwn all points of which there i« a continuous water 
< ora muni cation. Noverthelcsg, gr<'Ojj:raplu'r8 have found it con- 
V4 fji* nt to divide this vast ctdli^etion of water nominally int^. 
^evc^al distinct oct^ans, as will h<' f*xp1ain<‘d Iiert*after. 

li*. Seaa. The term wa is applied to tniets c»f water one 
d* irri*e inferior in ma^itude to the oceans, which are jfcnerally 
limit4*d and enoloned lH*twt*on continents or lar^^e islands. 

‘JO. Oiilfii arc larp‘ mb ts ot the sea partially ( iicloscd by lamU 

21 . Bajrs art^ nearly thr same as ^oilfs, but gt-m ralh’ smaller, 
other |^‘Oj»rapbieal t< rms, tbesr howe\er arc arbitrorj' and 
indefinit**, some iiilct'^ ealbsl ba\H b. trrcabT than others 
ealhsl ;?ulfs. 

(^tlll^ arul ha} “ are tin aiialoj^ue*' of js ninsulas and proraonlorioK, 

*i‘J. StraiU an* narrow meks o! r (onni ctinj; tracts of 
greater 4‘vtent. A *»trait is, therefore, th* siualogue of an isthmus. 

A strait is fdUn but improjHTh called by the plural term 
straits ; thus the Strait <»f (iibraliar is frequently denominaU*d 
the Straits ot Gibraltar. 

2d. Ohannchi are narrow traeta of wati'r flowing between 
opjswite coasts that are nearly parallel, and are much wider than 
straits. 

24. Aoadu and Moadatoada art>^ tracts of water shelten d by 
adjacent lauds trum \ioleiit or dangerous winds, having Huflicii'nt 
depth fur safety, ami not t<M> great depth for anchorage. They are 
stations where vessels urt‘ accustomed to lie at anchor. 

25. ^w\A Sandbanka are parts uf the bottoin which lie 
near the surfat'C as to be* attended with danger, and in pla«‘s 

much atlected by tides an* ofttai uncoNend at low waUT. 

2b. Aedh are sunken n>cks, which ns4- so near the surface, 
that the waves in passing over them an- bniken into foam, 
which thus render their prewnce manifest to mariners. In u 
eaim m-a. however, as there is nothing to indicate their presence, 
they an- a great source of danger to the navigabir. 

27. Sounding — The depth 4)f the si-a is found by a sounding- 
line, which is a cord of sufticient length, to the extremity of 
which a heavy pie<*e of lead is attached. Upon thia cord knots 
are made at intervals of five fathoms, the number of knots counting 
from the U-ad being indicated by visible marks. The lead i*' 
let down into the sea from the deck of the ship ; the sounding- 
line to which it is attached being coiled round a cylinder, or 
reel, which turns fn-ely on an axle. Two seamen hold up tlie 
rec'l by handles at the extn-mity of the axle, while another 
observes the line passing over the bulwark of the vessel. The 
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k'udoa weight ninking in the water draws with it the line, which 
thus unrolls itself from tiic reel, and this continues until the load 
strikes the bottom. When that takes place the reel ceases to 
revolve and the line to sink, and the seaman who observes the 
sounding, notes the number of the knot which is nearest the 
surface, and thus obtains the depth, w liich is always expressed in 
fathoms* 

The lead, Husp<;ndod from the extremity of the sounding>1ine, 
is eup>Nhu[K)d at its lower end, and grease, teohnieully named the 
arrninff^ is put into tlu? cavity, so as U> be (‘ai>able of taking up 
by adhesion a |>oriiun of the shells, sand, or olht^r substant'o, which 
is at the botbmi, with wdiicb it comes into eontact. This being 
drawn up, the navigator is informed not only of the depth, but 
of the quality and clinracter of the bottom, wliich often serves 
him as a guide to his ])OKition. 

In this manner surveys are made of the lH)ttomH of all seas 
which are much nuvigaU'd, and charts sire drawn and engraved, 
upon each ]iart of whieh is marked the nuinlHT of fathoms of 
depth iu tile oorres|Minding parts of the sea, and frequently the 
character of the bottom. 

It hupjieus fortunately that the gi*in rul dc}>th of the oceans and 
0}M*n scMiK is so ocmsideruhle us ti) Im' attended w'ith no dangiT to 
navigation. Sneh ehurts, therefore, us are here descril^ed are 
only necessary for navigation in enelo.sed seas and tracts of water 
near to <Miasts. 

28. Icakea an* sheets of water, of greater or less magnitude, 
eompletely surrounded by land, and having no sajH-rtieial com- 
munication with the sea. They are, tiien fun*, to the water W’hat 
an island is to the land, and, like un i^lalld, the name is generally 
restricted to magnitudes whieh are not very great. A lake of great 
magnitude is generally calliHl an inland sen. 

hike other geograjdueal terms, these, however, are arbitrary ; 
some sheets of inland water called sios Isiiig less than others 
called lakes. 

2b. lUvcrs arc large strt^ams of fn.'sh-w’ater, formed by the rain 
whii'h falls on elevated parts of the land, desi'ending tlie de- 
clivities in stn^ums, which, gradually uniliug one with another, 
form at length a large course of water, which receives the name of 
a river. 

30. The Bed of a Miver is a gri>ovt' forminl in the land, de- 
scending in a direction varying with the level of the surface, 
until it ri*aches the coast, where iu water is discharged into 
the sea. 

31. The Banka of a lUver are the land w hich confines its 
course on either .side, and are distinguished as the right and left 
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bankn. tliAt which U to the right in deneimding the river, being 
emli«d the nght bank, and the other the left bank. 

at. Tribatariea, or afHuentfi, are the streams which flow into 
a n>eron one side or other of its ooiirse. In the largi^r riveiN 
thcw* tributaries themselves arc often considerable rivers, and 
r<*<^ive along their course subordinate tribiitaries. 

Hy reas<»n of tbr <‘ommoii tendoncy of water to And the lowest 
level, rivers flow along th(* Ixittoms of valleys, and their winding 
t>oiir»M’s, o!t4‘n \erT e<»!nplieated, are detcrmine<l by the vary ing 
direction o| them* \aUrNs. Their tnbutarus run along the 
liottoros of smaller valleys, inters^ t‘ting that of the prineijuil river 
at various angles. 

•Tl. The ▼alley, along the Ixitfoni ot which a great river flows, 
usually reCMVt's it', name tnim that of the river, and is often of 
vast extent : tin* deeli\iti»H whieh form its sides sometimes 
measuring hundrt'ds, or even thousamls, i.f mih's. 

Watervhcsl is the name gueii to tlu- declivities w'hioh 
tliuH detenuiiK the tributaries ot a gr« at river, and the whole 
exh'iit of the valley is iHimetiiiies calh d the hasin or hydrographic 
region ot the river. 

do. Delta. — A great river, in appro.iehing its mouth, often 
diverges intt» difl'ereiit ehaniiels, forming angles with each other, 
and thus dls<•ilarge^ itself into the s« a by two or more mouths. 
These di\irgiiig hruneheN are culhsl a (h'itn, from a fancied 
reM inhhiiiee, pres* iit*‘d by the two extreme hrunelus and the 
line jouiiiig the two extreme mouths, to the Grot*k letter A, 
delta. 

db. Batuaries.- The mouths of rivers an idh ri plae<si in inlets 
ot tile M-a, where the tide ebbs and flows, so that the waters of 
the M-a alternately enter the mouth of the ruer and retire from 
It with the rise and fall of the tide, mixing w'lUi the wati'r of the 
ri\er, and thereby pnKlueing a eoiistant stale of agitation in the 
waU-r id such an inlet. The name estuary has accordingly lajcn 
given to *'ueh sheets of water, Irtmi the iaitiii wrord ftntugj signify- 
ing the agitation of w ater such as that hi re dt*h<;ribed. 

d7. Firths.- The name flrth, also written Intli, is some- 
time* given to estuaries ; this term, however, is more particularly 
appUi'd in Sei»tlaud. Thus the estuary of the river Forth, w'hich 
lies l>etweeii 1 ifeshire and Kdiuburgh, is called tlio Firth of 
Forth, 

The term hrth or frith is generally assumed to be taken from 
the Latin word frefum, a stitut or narrow' neck of the sea. 
Mr. A. K. Johnson, however, considers it to be derived from the 
IScandinavian term Jiord^ pronounced Jiurthy which has the same 
signitication. 
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The principal terms composinfi^ the j^j^phical nomenclahire, 
and expressini^ the forms ufTocted by the outlines of land and 
waters, and the forms of relief produced by the varyinj^ elevation 
and depression of the surface of the land, beinp^ clearly under- 
stood, a gfeneral description of the globe wo inhabit, as it is 
divcrsiflod by land and water, and b}' the undulating surface of 
the former, will he easily lendenid intelligible. 


n. -AUAlllA AN1> I'KliMA 


THE GREAT EASTERN ('GNTINENT. 

Xto extent and limite. — This vast tract has an oblong 
form, as alrt'ady indicated ; its extreme length being somewhat 
more than twice its extrorao breadth. It is included between 20 
west and ltM)‘ tost longitude, and Wta-t'cn 35 ‘ south and 75"* 
nortli latitude. Nearly its whole extent lies therefore in the 
northern part of the eastern hemispliere. A small portion of the 
north-nTstern i>art of Africa, including Morocco, juts into the 
westi'm bemisphore, und the southern promontory of tlio same 
division of the great oontineut, terminating in the Cape of Good 
Hope, projects into the southern hemisphere. 

This oontinuous tract of land consists, as is well known, of three 
unequal divisions, which, though not detached one from another 
by sea, have received the name of continents. The smallest of 




THE tlKEAT EASTERN CONTINENT, 


ihefrc ID roa^tudCf but transoeDdently the moHt ini}K>rtDnt in 
itn MK'Uil and political cimraeter, is Kt kopk, which tK>cupit'H the 
mulhwtst comer of the fsmAt continent, being KeparuUd Irom 
Afnca by the Meditemmettii Sea, and from Asia by u low ^hain 
<>l momitaius calltnl Uie Ural, a river of the same name, the 
< .i.Hpian N.>a, a great slieet of inland water, into which this river 
iliMjhurges itself, and the Itlack St^a, 

die ita diriaiona.- If the whole sii!>erticial e^ctent of the 
:;reat continent be* su[>{»otied to consist of eiirht iHpial jtiirts, tiie 
area <*f Kurtipc will U* one of tin hc fuirts, that of Africa thre**, and 
that of Asia, which eo^e^l the n inamder, four. 

Africa is di\ idod from F,un>|H“ by the Mc«iiU‘iTancan Sea, and 
trom Asia by the oblong tract 4>f wat«r, dirt‘ot4‘d N.N.W, and 
>.S,K... mlled the IJe<l Sea. This si a is connected with the 
Indian tiei an, lying to the east of Africa, and the south of Asia, 
i>v a narrow neck of water, ealKsi the Strait of llab-el-Mandeb. 

dO. The Bioditerraiicaii M*a, which tonus one of the most iin- 
jwrtant features in tlie weateru part of the great continent, lies in 
a direction nearly east and west, am! eoininuuicale* with the 
Atlantic (hi'au by a narrow neck of w.iti r, inU.r{)o8e(l biTween the 
southtrn |ioint of the S[ianiiih peninsula, and the north-western 
comer id* .Vfnea, culled the Strait of (Jibraltar, from the rock 
of that name at the |»oiut of Spain. 

41. RelicE — Tlu* n diet td the surfaeo of the great continent is 
tluiraetensid by an elevated ridge, the g» n»*ral <lirei?tioa of which 
is puralh l to it.s lougiliidiiuil axis, ami is ciuisciiuently K.N.K. 
and W'.SAV. very nearly, but the summit of this ridge is much 
m*arer to the southern than to the northern eoast ut the eoiitinent, 
.VI that It dixides its area very ujUM|ually. The di clivity, therefore, 
which slo|>es to the atnitliem eoust, is much mon; rapid and 
shorter than that which extends to the northern eoast. 

42. lu northem belt.- i he northern division consists of a 
great Udt ot Hat surface, beginniug with the plains of Holland 
ut the Wist, and terminating with the deterta of Siberia at the 

being only interrupted by the chain of Ural Mountains, 
ruuning north and south at the coniines of Kuropc and Asia. 
Kxci'jit where human industry' has redeemed it, and brought it 
under cultivation near its western extremity, the characteristic 
of Uiis plain is that of marshiness and insalubrity. 

4d. The aotathem belt. — The more limited plain south of tlie 
ridge^summiu already mentioned, oommences at the west w'ith the 
great African desert of Sahara, and stretehes with little inter- 
ruption across Arabia, Persia, and Northern India, to the shores 
of Kamuchatka. 

44. TrevaHiniP ”*****»«*n — The various moontain- 
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cbains, tho combination of vhich fonuH the main rid^e of the 
great continent, cumracnot* with Mount Atlue and the J'yrennees 
at the extreme west, and are continued by the Alps and the 
Himalaya to tho Altaic minmtuins at the extn^me east. 

40. Outtinea of Buropei their adaptation to Oommeree.— 
The most striking geographical feature by which Kurope is 
dintinguinhed from Hie other jiartsof the great continent, emnsUts 
in the numerous and extensive inlets of water by which it is 
pi^netratetl and inierweted in all directions. >io etjual extent of 
land in any jmrt of the glolie presents a like phenomenon, and to 
this, us much as to its tem|M‘ratt‘ climate, must undoubtedly be 
aserilM'd the immense' ^ocial, eominereial, nnd jsilitieal predo- 
miiianee which it has acquired and maintained. Uy this reticu- 
lation of inland st'us, gulfs, hays, and straits, navigation and 
comiiHTce arrive within short distances ot all its internal centres, 
and its vast extent of coasts is studdt'd with cities and towns, 
and sheltort'd ])ortd and harbours, which Ikcoiik* so many cm- 
IMiriums of commerce, and eeiitres and sources of W'ealth and 
civilisation. 

4(i. White Sea.— At its extreme north, KurojH' is innetrated 
by an enclom'd shet l of water of grt'ai magnitude, called the While 
Hea, On the west, the llultic I'liters it, ramifying in diHorent 
dirt'ciions, throwing out north and w’cst tlie gulfs ot llothnia and 
Finland, and sprinkled with islands and vast {H iiiiisulas, which 
form kingdiiuis of gn'ut iiujKirtanee, such as Oeiimurk, 

47. Worway and Sweden an' formed inti* u great {leninsula, 
separated from the continent by a broad neck of land, included 
between the A'ortli tSc'a on the nest, and tJie head of the liulf of 
liothnia on Uie east. 

48. Britiah lalea. — ^early opposite the mouth of the Baltic, 
and the north - wcsUtu |K)int of France, are placed the Britisli 
isles, si'parated from the eoust of Holland and Belgium by tlie 
tierman Ocean, and from that of Frauen* by the Knglish Channel 
iuid the Strait of Dover. These islands, combined with the sub- 
ordinate ones witli wliich they are surrounded and skirted, such 
as tile Shetlunds, the Orkneys, tho Western Isles, the Isles of 
Mon and Anglest a, tlie tSciily, and llie t'hannel Islands, may be 
cousidertHl as foriuiug an andiipt'lago, the principal ditisious of 
which ai\‘ richly iutei’iKM^ted by ehauuels, buys, and gulfs, which 
have so favouriHi navigation, as to enable the British nation to 
attain aud maiutain tliat oommen'ial and naval pre-eminence, 
for which alie has so long bi'ou celebrated. 

49. nrntiee, Ui(> must im|K>iluut and powerful of the European 
states, occupies the I'entre of WesUm Kurope. Her territory is se- 
imratcd on the east from those of the Uerman states by the iUiine, 
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frfmi lhat of Switzerland hy tho ehaiu of the Jura, fn>m Italy hv 
the Aljr^, from Africa by the Mcdit4‘rrnneaii, and from Spam hv the 
Pvrenee**. On the wc'it it is !imit4sl by the Atlantic, and on the 
nnrth. jn the abscnc«‘ of any natural boundar)% is di\ided 1rx»n' 
Jb lfnum by a frontier iw‘ttl(‘<l by |K»liticnl wnventums; 

5<*. Spain and Fortufral ocsaipy a ]iortiun of land bavin;; the 
pt ninsidar form, th*’ neck by which it is connected with the con- 
tiin rit < \ tend i lit; fnnn the Hay of Biscay to the (lulf of Lyons, and 
Udn^r travers4Hl by the chain »»f the Fyn^nccH. This neck of 
land. So niueh iiurDwer than th»‘ p ntral width of the Spanish 
|w*ninsula. is noi rtlieli ss much 14 k> widt* to entitle it to the numt* 
of an i'^thmus. 

In the i:eo;rraphy id r,uro|>i‘ the tract thus occupied hy Spain 
and Tortu^nil i> umiuHv called the Feninaula, without otlier 
dcsiiniation. 

:>1. XUJy.-The southern part of It^ily projects into tlic 
Me<iitcrraucan Sc‘a in the form of an oblon;^ tract of laud, huvin); 
ut its scuthcni extremity a smaller tract nearly at ri;;ht an;;les to 
It ; the outline of the whole prescntini; a strikiii;; resemhlance t4> 
a Issd. The Italian tcTritorv, howe\er, occupies a wide extent of 
land north ot the Insd, en<doM.*d on the north by the chain of the 
A1|H!. This northern part of Italy includes tie* t€*rritories of 
VcniiH' and the Milanese, called I^omhunly, ut present [►art of 
the Austrian empire, and the kingdom of Sardinia. That part of 
the Italian b rritory fonning the Inxit, ladng nearly surrounded 
by water, with the Adriatic on one side and the Mediterranean 
on the other, is distinguished ,as the Italian Teninsula. 

iVJ. lioily.- -Immediately at the tix* of the Issit, and Hcparuted 
from it b\ u narrow* nuk »»f wal4'r, eclebnUed in hisUirv as the 
Strait of Messina, is the fertile and beautiful island of Sicily, one 
of the most remarkable features 4»f which is the volcano called 
Mount Etna. 

Greece pr<»jects into the eastern e nd of the Mediterranean, 
having, like Italy and Spain, the [leninsular eharacU;r. These 
time tract have bci n noticed even hy ancient geogra[»hers as the 
Spanish, Italian, and Hellenic j»eninbiila8. 

5-1. AxchipeUGOw — The arm of the Mi*diterranean which, 
turning to the north, inter^’encs between the Hellenic peninsula 
and the c«xist of Asia M inor, thickly sprinkled with islands, is the 
Archipelap} or ancient -ligiean Bt a, from which all other tracts 
of water of a similar character have taken their name. 

55. Xlardaxiellea and 8o«|dionia, — The Archipelago is con- 
nected with the great inland sea, called the Black Sea or the 
Euxine, by a narrow neck of water, consisting of two straits, 
between which lies a wider strip of sea. The strait which is next 
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the Archipelago is called the Dardanelles, the ancient Hellespont ; 
and that which is next the Black Bea, the Bo8[)horu8 ; the inter- 
mediate water being called the 8ea of Marmora. 

56. The Blaek Sea is nearljr enclosed by land, but com- 
municating through the Bosphorus with the Archipelago and 
the Mediterranean, it cannot projKrly be considered as a lake. 
Its water is, nevertheless, much less salt than that of the oc(»an, 
and it is consequently mor<? r<‘adily frozen. Its depth near the 
shore varies from 24 to 226 ft'ct, and in the middle is more than 
1006 feet. 

57. 8ca of Azof — This sea communicat(iS with a smaller one 
north of it, called the Sea c»f Azof, by a narrow neck of water, 
called th(‘ Strait of Ytmekali. A tract of land nearly surrounded 
by the waters of the Black St*n and the Sea of Azof, and connected 
with the continent by a narrow neck of land, is called the Crimea; 
th(^ connecting neck being ealh‘d the Isthmus (»f Perikop. This 
])cniuKu1a has bt'cn cele brated for the fortre ss of SebaHto|H>l (‘rtHJted 
iiy Russia near its Houthom 4‘xtremity, and destroyed in 1855 by 
th(‘ allit‘d armies of rmnee ami Kngluml. 

58. The Oaapian.- Keur the MUithern e(»nrtnes of Kuropt* and 
Asia is the largest lake in the world, called the ('5is]>ian S a. Its 
W'ater is salt, but much less so than the (»e( an, and it is shallow, 
even at its centre, the dejdh not exceeding d(M) feet. That it can 
have no immediate and uninterrupted Kiibterrancan communication 
with the Rlnek Si^a, wliieh is mar it, is proved by the fact that 
tlu* level of its surface is 82 feid Ixdow that of the latter sea. 

56. AiVioa is an immense triangulur-shaikd tniet of land, the 
base of ■which is jire.scuted towards the north, and the ]H)int to the 
south. Its coast is everywhere nearly uniform, and entirely 
destitute of those indentations for which Europe is so remarkable. 
It projects southwards into the gnat oct*un, which it di>ides into 
two regions, of which the western is culled tlu' Atlantic, and the 
eastern the Indian Ooeun, As has been already stated, Africa is 
separated from Asia by the Red Bi'a, exei'pt at the iH)int where 
they an* eoiinected by the narn»w isthmus of Suez. 

Tins divi.sion of the gn‘at continent is, hi yond all comparison, 
the most uncivilised and desert portion of the glolie. It includes 
a vast range of country, <*xtending from the northern to the 
southern tn»pic, and lying, therefore, altogether in the torrid zone. 
By reason of the giTnt extent of dosert of which it consists, the 
insalubrity of its climate, and the barbarous cliaracter of its 
inhabitants, it is little known to Europeans. 

60. Its Olinistoloyieal Tones. — it may be considered as con- 
sisting of a suoci'ssioh of zones, separated by parallels of latitude, 
having ditierent physical characters. 
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Ol. The Tell and Sahara. — The northern zone, includtHl 
n the ridge of Mount Atla« and Uie Mt^diterranean, a band 
(*f fertile c-ountri', generally called the prubahlv from the 
Ijitm Mord UUuH, the earth. iSoulh of thi» is a vuat l»aml, 
ruuiiuig i oht and west, about IHtM) miles broad, comprising Sahara 
or the great desert. This extensive surface consists of tracts ot 
sandy and stony soil, nirely produeing vegetation, and, when it 
•im*", of the most M*anty description, AUth the exception of certain 
sjs.ts up|Karing lure and then- in thi*< <HH*an of des4»lation, like 
jsiamls of fertility. Them an* ealied <>am*s, and deiH*nd for their 
pn«inetiven« ss on local springs. 

<iJ. Valley of the Mile. -t»n th- west this demrt not only 
d« M;ends to ihi rgt of the oi^t aii, hut H continued with tiu* same 
charuetir for nuuiy miles In ncuth its surface ami In^yund the 
i-oast. On the cast, it ihsccndH by u .m ries of sterile terraces 
to tin salhy of the Nile, where tin* soil suddenly a<M|uires 
a high d<gn c of ft , w hieh ehuriu-ter it retains thnuighout 

llu- w'httlf e\tiiit of Country between th* Nile ami tin Ked S*a. 
Th< tiilire \ulh y of the Nile, from the skirt of the l>esert to the 
litlta, and from tlu right hank of the fixer to the Retl S*a, has 
iH-en <'t h hraU-d in ancient hiNtory lor its gem ral fertility, a 
t iiarui tt r, nexerlhele^'., which is m>t altogetlu-r without t xcejition, 
an txuiuiiU* td’ which i*^ preM-nU-d in the tract oxer W'hicli tlio 
rontt iNtxx'ccn ( iiiio ami .^m/ is conducted. 

<> 0 . The oeutral Belt of Africa, imiuediably south of the 
gnat divert, has quite a diHin-nt character, lK*ing kith lertile 
and |Njpulous. 

The fourth *one. lying south of this, is almost unknown, 
t \ecpt t»n its seaboard. It is su|»jKr»ed t** consist of an extensive 
and elexati-d labh -land, with lofty mountain-ranges rising out 
«»f It, from whieli character it is disUnguislud in geogrujdiy as 
High Atiica. 

tio. The southern *onc of the grtat African jH*niiisula con- 
sists of a triangular an a, the vertex of whieh pnjjt^etH into the 
Soitlurn ticiun, and is tenuinated hy the celebrated CajK* of 
(j«*od IlojK . This j»art is diversified hy hill and valley, and is 
naturally ftrtih, supplying extensive pasturages. The native 
triU- whith inhabit it are the Hottentots and (.'aflres. The 
Knglish fohjnx, originally Hutch, has been genertdly confined to 
the southernmost part of the angle, but has a constant tendency 
to push their territorj’ further north, thereby coming into contact, 
and frequenlh into conflict, with the natives. 

b6. TOc has been already observed that the coasts 

of Africa are singidarly destitute of all projections and indent- 
ations, and, conse^iuently, ill-adapted for commerce. For the 
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game reason, there is a remarkable absence of those numerous 
islands which enrich all coasts deeply indented, which considercfl 
in their physical character are in fact parts of the mainland, 
HCparated from it by valleys so deep as to allow the sea U) 
Row throuf^h them. Madnf^asenr, on the east coast, is the only 
African island. There are a few islands of much less ma^itude, 
ealled the Comano Islands, between Madapas<*ar and the coast. 
Most of the other islands whieli appear in the Indian Ocean are 
too distant to be rejrnrded as mere apis iidagc s of Africa. 
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r. A>u — F,*. Jts n.itcaux. — 09. lasttni rUu tu. <o, It.M pliyfvii'iil 

ohura' Ur — 71. Tl»« western labMuji'J.- I'l. Itnljft Dekkan 

-7*1. Au.Hiralia. — 74. AustnilaHja. — 7^*. Polynej-ia. -70. 
lint sh i’mI ny it*? Urritory ami physn-al featurt^^. — 77. Its < liniate. 
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Mintrali' <iubl. — >1. AlH>n^tnaI iriWs. The Western, 

New C'.'TistNT - S‘J. lu extent ami f^rm. — Divihiins: 
South America — S4. Central America. — b5. North Ameiica. 
— bO. lt> extent and limits. — S7. Its p‘ditical divisions. — 8S. 
Gulf ofMtxbv and Caribl»ean Sea, — 89. Relation between the coasts 
of the oil and new continents. — 90. The relief, — 91. Ciiippewayan 
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and Rocky MonnialnK. — U2. CordilleraH and ArnUi*. 1*3. Andes of 
Patagonia and Chili, — 94, And(« of Holivia and Peni. — I*,*!. Cordil- 
k*m. — 90. PotoMi. — 97. Pampas of Pata;j;onia and Buenos Ayres. - 
98. Ktdvas of the Aina*<in. 99. Llanos of ihnnoco. — 100. AlU*j;hanu*H. 
— 101. KaKiffrn ]»lain of North Atnerica. — H»2. (treat ralloy of the 
MiHsisaippi. 303. The Prairies. -Outwnks of tiik land. JOL The 
prevalence of the |>eijinKular form. — 105. The South American i»enin 
Hula. - lOd. The North Ainerictin js'iiinsnla. 107. The West Indian 
arehi|M*la;;o. los. The {M-niiiKiila of Florida. — loi». Lower California. 
— no. (fre|iiiarid. - 1 1 i. Afriai. — 112. Australia.— 113. New Zea- 
land.— 114. Similar tendeiiey in hui.aller regions. — 115. The Spanish 
|>eninKuIa. — 1 1 (». The Italian jM'ninHiiln. 117. The llellenir jieniit- 
IIS. Tin* ( Viniea.- - 119. The S<‘andinavian iieuinsula.- 12o. 
Kiiropenri jieninKula. - 121. The Iinlian peniiiKulii, — 122. Furtln-r 

India. 123. Hemis}»here of moKt land. — Rivkio<. — 124. Formation 
of rivern. - 1 2.'». KU'ect of a single ridge Example in the I'jistein 

continent.- - 127. Example in South America. — 12S. Effect of |>andlel 
ridges. 129, (Miii'f trihntaries etuiKidenihle livers 130. Kxamide 
of Misstmri. 131. Trilling elevation <it uat<‘i*Hln‘<l. — 132. Port-'ige.-- 
133. Examples of rivers i»» North Aint'iieu. 131, Eastern rivei". 
135. Western rivers, 130 The Missis.sippi and its fnlMitari('s - - 
137. Vallt'y of the Mississippi.- 13S. Jle«l Ki\er, Atkansas. (diio.-- 
139. St. Liiuis. — 140. Illinois. 

07. Asia, eonstiluting in geog^ruphiea) extent fully Imll the 
^reat'eontinciil, and (tecupied l»y u population uunilH'iiug huH the 
total amount of the human raei*, is in many ivsjhcIs an mien stin^ 
(juarter of the fjhdie. It i.s in immediuU* peognipliieal continuity 
xvilh Europe, separated from Kg:ypt only hy the narrow strip of 
water called the lied Sm, and eoiineetid with it hy the )<sthmu8 
of Suez, and sejuirati d on tin* lust from the .Vmericau continent 
hy tile narrow iieek of water culled Hehring: Straits. Its easUrn 
coast is fring:iHl with innuuierahle islands, and indented ht larg:e 
hays and g:ulfs ; and it.s southern points an* in a certain sense 
eonnectod willi the new eontiuent of Australia hy the archi- 
pelago wliieli intervenes Wt ween the Indian and raeitie Oceans, 
of which the most eonsideruhle islands are Sumatra, Borneo, 
Pappua, and Java. 'Ihe eijuiilor traxerses the middle of this 
urolniH-higo, the wlude i xteiit of which is included between 20 
of north and 10 of south latitude. 

08. Xu plateaux.- -The lua inland of Asia consists of two cx- 
tensixe plateaux, each of which is limiUd and iuU*rsected by 
mountaiu-eUains, from which the surface falls by a Buceessiuii of 
slopes and terraces to tlie level of the lowlands. 

(ilh Tlu^ eaatern plateau, which is the most elevated, includ- 
ing Thilat and tlie desert of Gobi or 8hamo, has an elevation 
varying £rv>m to 15000 feet above Uio level of tlie sea. 

Tliis gix»at tableland has for its southern limit tlie liixoalaya 
chain, for its norllKin the AlUii, and the chain called Thian. On 
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tht* wtsst It i* liinitf^l by the IU)llorta^b, and uu tho last by u 
hkixi ninning dircdly north from I'ekin railed tho Khingan 

Ita phTsiral character. - Tl»o physical eharactir 
tht** %asl plate au may l>e in M»me degree wniprehonded, wh< n it 
i' •*tat4il that It eondsU of thre«'-f(»urths of u million of s<|Uar( 
inilo'^of sTirface, having a general cb vatioii greater than that of 
th*‘ most lofty niouiitain-raiiges of linrofH’. 

This fdattuo de^'cnds towurtls the north by gentle do|)es, bo 
.iHtoenn\«rt tho <xt<t»Mve rone of Mirt.iec along the northern 
into a va-^t plain, the general eh \ation of whieh alK)Ve tiu 
"urfai’e of tlu MM (hw not < \eeed a few hundretl feet. 

‘Ml the boiitli und south-Kist hid* n, th* gn at ])lat<'au advamdng 
< oin|«irati>* ly eloM to tlie e<abt, the <ieM‘i nt is imieh more rapid. 

Tl. The woatern ubleUnd tinlo.ots flu tract between 
th* ( aspiiin S‘a and tin- IN rsian ( J ulf 'Oi tin north and south, 
and the rntr Indus **n the tabt. It ihsb in*! exeetd ItMHi feid in 
*h\ation. and is gem rally less. Tins tract, c alled tin tableland 
ol Iran, the ancient 1'* tmu, is nnw dixidid into t ’abul on tin- 
<asi, and iNrsia on the west. Mrttehing in the dinetiun of 
tlu north-west to Asia Minor, it s1o|m‘s gradually doxvii to tin 
urel)t{M lago. 

T-. British India t IK'kkan plateau. < ‘ne of the geogra- 
phical U atures of this divihioti <»f the gn at continent is the tri- 
aiitrular ]»rt*jeeti*tri whieh juts down into tlie Indian (ieean, and 
(S)nstuut* .s tlic chief part of the t* rrit»)ry i»f Itritish India, 
riiis also consists of a plateau, ot modi rate elevation, called the 
tahUhtu’i of' Jhkkau, Jhtweeii thi>, wlinh covers the whole 
e\t» nt ol the jh'iiinsula and the lliiual iva mountains which 
run east and west, is a plain «>f low thvatioii, ealhd the jdaiii ot 
HiiuliHistaii, forming^ho vallev along whn h the ti.inges, wdlh its 
tnhutarits, flows from west to east, tbrnung its delta, and dis- 
charging itself into the bay of Ihngal, at the noithem e.\tri mit v 
of that gulf near Calcutta. The Western istrti«m of the same 
plain sl.*]vs towunib tlie Arabian Sea, and is the valley similarly 
iiniiiuij by the Indus and its tributaries. 

7*t Australia, formerly called New' lb)lland, is an insular 
ma^^, whose extent and im|K>rtance an* such that it has coast'd to 
U' ealli^l an island, and is now generally ranked as a continent. 
It is pla. td south of the Urn* lietweeii latitudes lo^ and 4<) . 
Near it are st veiul other islands of less magnitude, the principal 
et whieh is NeW' Z< aland. S^nithof it is a smaller island, formerlv 
eulh^ Van iMeint n's I.arid, and now denominated Tasmania. 

74. Auatralaaia. 1 he group consisting of Australia, Tas- 
mania, New Zealand, und the smaller islands near them, are 
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called by modern geographe rs Australasia, be ing the most con- 
siderable tracts of land in the southern latitudes. The various 
islands sprinkled in countless numbers over tlic Pacitic Ocean, 
comprising Australasia itself, have received the general name of 
Oceania. 

76. Pol3mc*ia. - Those whieh lie h(‘tween tin* Indian Arehi- 
pclago and the western coast of America, taken cullecti>ely, have 
l)cen called Ptih/nrsia. 

7t>. British Colony; it» territory and physical features.— 

From the eireum.stan(*e of file recent g<»l(l discoveries, and theeon- 
se({Meiit emigration from the l*nit(<l Kingdom to Australia, this 
colony has nequired a greater int4 r(*st than any >vhieh its mere 
g<?ographioal pretensions i-oiild claim for it. It may therefore 
he desirahle hereto notice its pliysi<‘iil eharaeter and conditions. 

.Notwithstanding the iinin«>ns4‘ iminigration whieh has taken 
place, and the exeiteineiit attending the mineral researches, of 
whieh it has heeomc* tin- theatre, the suriins- of this great island 
has been hut xa ry imperIVetly explored. Oneid* the most n inark- 
ahlc and gi'ographical eharaeters it pnsents is the eornplet*’ 
uhsemM’ <»f largi' iiavigahl«- rivers, and the uniform outline ot its 
coast, which has no indeiitaticnis fomiing hays, gulfs, or other 
inh'ls. It is surnaimhsl hy a chain of mountains, the sum- 
mit-ridge of -wliieh is from JJO to Kt miles from the shore. The 
chain running along tlie eastern coast, whieh is best knoxvn, 
is called the Australian Mps at the ext i (me south, the lllm‘ 
Mountains near Sidney, and the Liverpool ehaiu towards the 
north. From the slopes of these mountains a tew small rivers 
descend, which are so inconsiderable as to la* marly dry in 
summer. The inttTior consists of a seri(‘s of low plains, wdiich 
include good ]Misturages, and large tracts covered with sand and 
sludls, which havt* an npjH arauce such as #ould he presented hy 
a surfaei' from which the sea iMulreceiitlx retired. Some eonsider- 
abh‘ streams have been seen in the iiiL rior, hut whether they liow 
into all inland st‘a like those whieh run into the great Asiatic 
lak(», or are ah.sorbed by the sands, ha> not Inen ascertained. 

One of the most curious physical eharaeters couneeted with this 
island is the existeiuv on its north-eastern coast, at a distance of 
from iNt to 70 miles, (»f the longest coral rin f in tlu' world, measuring 
about 1‘2(X> miles in length, and rising out of the bosom of a sea 
said to he fathomless. The breadth of tliis reef varies from a few 
hundred yards to several miles. 

77. lu climate. — When it is remembert'd tliat the extreme 
latitudes of Australia are 16 and 40’, it may be expected that iu 
climate must be mild and salubrious. AVith a drier atmosphere 
it has oil the tliermometric characters of Southern Italy. The 
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\e;:(tJiUun Minis to In- niaintiiinod hy thr ilojwsition of dt‘W, tor 
1 * tift) n happ* ns tliat intomUs of M-viral years elapM' \MThout 
ram Wlmi ram <Km > occur, ver, it is jH?ri(xlic, and pro ails 
lhr<i mouth*'. 

Vof(i'table production*.— The natural vrjritable pro- 
ci:i ar* lu-itlu r ojn‘'uh'r:ihh* u<tr uvtiil; tin is n-* spi eies 
ii < truit. The tn«s th<- appear ti> Ih* of 

• lit umlorin lumil), th* htha;;e Uiu;; x-ar.ty aiui almost sluidow- 

On tin ntln r hand, tran-'jdanU ti m u latioii is I'asily uatu» 
rali^-d. Ihstrnts au leiuid ad.iptvd t*> tti> cuituatiuimf all aorts 
*•1 ^ram . I'Ut, tirlh* j*r«'V nt, the iin-sl ad\ imtaj^eous employment 
t I the is l.>r pii-'t nraj.:« . 

T'h The indiitcnou* aiuinal* ar* i«\\. )>t im; mostly of the 
Jamily ot inarsupia, hin li a- tin- o}»o-vsum and kaiii^aroo. The 
iintst r< markahlt and an.»malo\i*» o| llus- animals is 4Mie ealletl 
tlu ornithorhynehuH, wltidi is a s,.rl «d isniin ctin;^ link la twotii 
birds ami <juadrujwsK, lounii; tin hill and ti . t of a dnek, ar.J the 
IkhIv and tor ol a iiioii . 

Bfiiicralg Gold It is vi«U kmovit tljii! t^ohl in lur;;^e 
ijuaiilitns Is found in this n iriori. It max he added, howeM r, 
thatj'oal and iron aKo exist tlnie in im \liau.sti)>lo (juantilies, us 
XX til as inarhh , ha<l, ami eoppt i. 

’^1. Aborhs^iiial Tribe**. -Do native tiih« s, wlindi upjK'ur to 
pnxail m hut limitMl numhiis, are in tin* lowtst stale to wliieh 
naturt can sink. Tin y an* tr<'in rally inunaili'-, hut Homelimes 
huild rmlt xilhiot s, and suhsi-t h\ lishmt: **11 th* t<ast. 

Nj utter!} (le;;rad' d is tlnir t-mditi'Ui, rnuial ami physieal, lli.it 
many tiiUs uie uujToMded with dothinj^, pr.ietis*- eaimihaiisiu, 
ami an whollx destitute ot social uinl n li^MoUs nh as. 


THi: WKSTKKN, < dt MiW ( • i\TI.\ KNT. 

It* extent and form. — Like the jrnat eastern continent, 
Ua wi stt rn Is an oblong tract of land, the h nu'th of wdiich inter- 
Mets tile paralh U of latitude obliquely, heinj^ dirceted first from 
the S. S. L. lo N. N. \V. and then turnin^^ ea.‘>t\vard in approach- 
luj; the |Hde. U txteiids from oO S. lut. to the utmost limit of 
jjolar diMoxtry. 

KJ. lMvi*ion*— South America. This contine nt consists oi 
two. |H*iiin»ulas', eonneeted by a narrow tract of considerable 
lenjrth. Tlu s*iuthem j>eninsula resembles Africa in its general 
outline, having a triangular form, with its base towards the 
north, and it^ vertex to the south. It also resembles the African 
continent in having coasts but little indented bv bays or gull^, 
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but diffortt from it iu beinj^ internGcfrd by large and extensive 
riveri. 

S4. Oentral Amorioa is the tract of land uniting South America 
with the northern |K*ninKiiltt. Its southcni part henng not more 
than <10 miles wide, in denominated the ixthmus of Darien or 
Panama, a town of the latter name being on its western coast. 



n.—i’Niri 1' >T vTKa- ianai'".. 

H5. north Amerioa, like Kun>|HS is indented with numerous 
hays, and its ni>rtlu*m vlivision has the largest collections of fresh 
water in the world, consisting of live extensive lakes, — calk'd 
SinkTior, Michigan, Huron, Eric, and Ontario, w’hich eommuni- 
cak» with each other, and discharge their w-ater tlirough the 
River St, Lawn'nee into the gulf of that name. 

tlh. lu extout aud lUuita. — North America is sc'parati'd from 
Asia hy Behring Strait on the west, and from the l^ge island of 
Ureenland hy Rathu’s IJay and Davis’s Strait on the north and 

A sort of northern archit»elagij inU'rvenes bt'tween this conti- 
nent and Greenland, into which numerous promontories jwojeet, 
and the w^aU'ts of which art* viiriously denominated, the largest 
of these inlets being Hudson’.s Ray. 

^7. Ita politioal illvtiiona.—ln ^nditioal geography North 
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Vmrrica of Sf^orul division^, tlu* o< ntral part hcinj; the 

I liitrd Mat«s, thf norlh-t*asUTn liriti>h Anurifa, tIk ut»rth- 
w. '.•* rn ant;U‘near IWhritij; Strait* Uussioii Aiuerua, uiid Ou part 
U rnuDi: the southern p<»mt, Mexi«u. 

VH. Otilf of Mexico and Caribbean Sea. — The lurcre inlet of tie 
- • in eiieloM'd lM*twcen the northern eo;ist of South Anierica, the 
coast of North Amerieti. and tlie eastern eoast of Mexico 
tioit i ntral Anurii a, consists of tin <iulf of Mexico and the 
• anhheun Sa, its lastern i»art* .s[>riiikh >1 with the West Indian 
islands, h»rnim>; an arelu|H lagi». 

K Sielaiion betwf^en the coaata of Old and Blew Continent. 

It ha> In en ohjM r\eil hy HuriilHddt, that on eomparin;; the eastern 
iM.ist nf SvMilh Aineneu with the wi >tern coast of \friea, tho 
'.iin* i‘*irr« spornh iuh is ohserM d In-twn ii tlicm us nsually seen 
m til*' e]»|»».«.ite sidi » of a valley or ru\ine . from whieli he arj^ues 
that tin i*ottoin of tlie Atiniitie, which Hous lKt"een these conti- 
TK nt", oiitrht to he leicaided as an \alh}. the sides of 

wliieh, risiutr t4i an elevation above the lesel of the water which 
tilK it, form the coasts of the t\\o continents. Thus the eoiioiivity 
on the Atnean coast, culled llu tiiilf oftiuiiiea, has a eorrespond- 
iiiif ismM.xity oil the Smth Aineriean coast formiiij^Mhc territory 
of llra/il, and the eonvexit} at the north-western corner of 
Africa, lishieh the coast of Morocco forms a part, corresjwmds 
x\itii the opp<»Mte eoiieuvity foriin d h\ th» (uribbeaii Sea and the 
tiulf ttf Mexico. S) Unit if the two continents were moved 
towards each otbt r, and hroui^ht inti) eont.o t, tin ir <‘oa»ls would 
til into ta< h otlur, lik«- tin dovi— taihd edp s of eurjH-ulry. The 
.\tlautie, following the course of this suhmarum \ alley, entering 
Utw’is’iJ tin* ('a|K* of (hsHi Jl«*j)e uml ( 'ajH* Horn, tlow.s first in u 
norllu rl\ ilireetioii, a litth. towards the * asi, m xt, after passing 
the fruit i*f iiuiuca, iu a north-westerly direction, and tinully, 
atur }Ktssueg the north- W'ebteru e*)ast i»t Amtrica, in a uorth- 
caslerl) dirt^ctiun. 

IHi. The relief of the W'cstern coiiliiient is characterised by a 
isjntimious ridge of considerable elc\ at ion, w hich traverses it longi- 
tuduiallx liom its northern to its southern limit, lying much 
neanr to the westeni than to the « asUrn coast. 

bl. Chippewayxn and Aocky Monntatna — The part of this 
ridge or mountain-chain which traverses North America, com- 
mencing at the Frozen Oc^an, is called in its northern division 
the ( hipjK'wayan range, and in its southern division by the better 
known name ol the Kocky Mountains. 

Oordilleraa and — After passing along Central Ame- 

rica, this ridgi‘ tak‘ij the name of the Cordilleras and Andes, 
and rising to mueh greater heights, and throwing up vast peaks 
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which arc frequently volcanic, it is continued in a direction 
parallel to the western coast of the continent, until it terminates 
in the Ticrra del h’uego, the southern point of which is called 
Cape Horn. 

93. Andes of Patag^onia and OhilL — Retweon this point and 
(Jhili, returning northwards, the slopes of the Andes descend to the 
waters of the Raeifie, tlie coast being lined with numerous islands 
and indented with arms of the sea, an outline which indicates 
the continuation of tlie mountain range below" th(* w"atcrs of the 
ocean ; the capes, proim»ntori(‘s, ami islands being merely the 
ridges and summits of the spurs and peaks of the main range, 
whose bases are esta])lished at the bottom of the ocean. Pro - 
<!(!eding northward, the general direction of the chain takes a 
more inland course, leaving between its base and the sea a long 
and Hat tract of land, w"hose coast is no longer broken by the 
indentations just des(;ribc*d, is completely destitute of islands, and 
forms no sludter for navigators. 

94. Andes of Bolivia and Peru. — Still proceeding northward 

and approaching the Peruvian territory, the gemual elevation of 
the Andes rajudly in(^^eases, and their summits rise to vast 
t'lovations above the suow-liiie : ainoug these is the Novado 
Aconcagua, having an elevation of feet, and Ixjing the most 

lofty point of the western continent. This pe ak wms originallj' 
volcanic, but wd thin historic record it has not been active. 

About latitude IJP' south, tbo chain takes the name of the 
Peruvian Andes, and here it is at a eonsiderablc distance from 
the western coast, from which it is sei)arated by a sandy 
desert. 

95. Oordillcraa. — North of 21® hit. south, the eliain of the Andes 

diverges into two or three si'pnrate ridges, called Cordilleras, 
which are connected at different ]K)int8 by their common spurs 
issuing transversely to their directions, so as to form a net-work 
enclosing numerous valleys, the bottoms of w hich are elevated to 
a cousiderablo height above the level of the sea, forming in many 
cases ])lateaux and tablelands of great extent, the most remark- 
able ot which is that of 1 lesaguadero, which measures 400 miles 
ill with a breadth varying from 30 to 00, and a general 

elevation of nearly 13000 feet above the level of the sea. Vast 
peaks are thrown up from tlu* borders of this immense plateau to 
the height of more than 8000 feet above the surface, rising far 
above tlie snoiv-lino. 

96. Potoei— Upon tliis extensive tableland, whose area is 
three times that of Switzerland, stands Potosi, the highest city in 
the world, at an elevation of 13330 feet above the level of the 
sea, with a population of 30000. This city is built on the 
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northern declivity of a mountain called ( erro do Potosi, which is 
rich ill mineral veins, and especially in silver. 

l»7. Pampa« of Patagonia and Buenos Ayres.— Since, as 
luis been explained, this great chain runs close to the western 
coast, it maybe expected that a vast tract of plains, or lowii 
lands, must extend from the foot of its eastern declivity to 
the eastern coast of the continent. This tract in South America 
is covered with the deserts and pamjias, as they are called, of 
l‘atagouia and lluenos Ayres, the surface of which is sandy and 
marshy, or saliiK', i>roducing nothing but a scanty pasture and 
stunted trees. 

IKH. Selvas of Amazon. .Vnuther i>ortion, consisting of 
tile valley ot the gn at liiver Amazon, called Selvas, consists of 
a spa(^(* ot‘ more than two millions of square miles, a ])art of which 
is coven d witli natural forests, and the remainder with grassy 
pampas. 

IKh XJanofl of Orinoco. — The valley oi the < >rinoco, another 
dnision, is characterised by vast Hat lands, called Idanos, 
covered with long grass, iutersjicrsed here and there with juilni 
trees, used by the traveller in these inhospitable regions as land- 
marks. 

KKh AUcghanica.— Extensive lowlands si retell in like manner 
over Aortli America, between the chain of tin* Kooky Mountains 
and the eastern coast. This division of tht* continent is also inter- 
sected in a direction parallel to the Kooky Mountains, and nearer 
to the Atlantic by a chain of much lower liills eaiied the Alleg- 
lianies, which, like the former, extend from the GuK' of Mexico to 
the Arctic Ocean, enclosing an area of iiioie tliun d,00()00<) of 
square miles, 

101. Sastem Plain of North America. - Ketween the 
chain of the Allcghaiiies and the Atlantic coast is another plain 
jiarallel to the former, of nearly equal length from north to south, 
but of less width. The eastern coast is indented and fringed with 
numerous bays and creeks, which favour commeree and navigation. 

102. Great Valley of the Mississippi. — 'i'he extensive valley 
lying between the chain of the Alleghanies and the Koeky Moun- 
tains is drained by the Mississippi, the largest and most imi>ortant 
river in the world, next to the Amazons, which, nevertheless, it 
exceeds in length, though inferior to it in the extent and number 
of its tributaries. 

103. The Prairies. — Among the features which characterise 
the land in the western continent, and more especially in its 
northern p§rt, the Prairies demand especial notice. These are 
vast plains, generally covered by deep herbage, and which form a 
level so dead and uniform, that it is impossible to resist the 
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impression that tliey must have been once the bottoms of large 
sheets of water, since nothing but sedimentary deposition could 
produce a level so uniform. The extent of many of these plains 
is so great, that in traversing them points may be attained 
from which all the surrounding country will cease to be visible, 
so that the prairie presents to the observer a circular horizon, like 
that witnessed at sea from the deck of a ship. 

As there are, in general, no roads or paths traversing these vast 
plains, the traveller who ventures across them can only guide his 
steps by a compass, or by the stars. 

OUTLINES OF THE LAND. 

104. Tlie prevalence of the peninsular form with the point- 
ing southwards is one of the most remarkable features in the 
configuration of the land. The angular point is also generally 
succeeded or surrounded by one, or several islands ; and where 
such islands are not apparent, the tendency towards their forma- 
tion is discoverable by the soundings, which prove the existence 
of shoals in the placi^s where such islands would otherwise be 
apparent. A general viow of the map of the world will strikingly 
illustrate thest; observations. 

105. The South American Peninsula is an example of such 
a form upon a grand scale. Like all the other forms of this class, 
it is a triangle, having its base presented towards the north, and 
its vertex jutting into the Southern Ocean, where it terminates in 
the point called ('ape Horn. 

Its apex is broken by the ocean into a multitude of islands, 
the largest of which, se})arated from the main -land by the Straits 
of Magellan, is called the Tierra del Euego, or land of lire, from 
several volcanic peaks which rise from it t6 the altitude of 4000 
feet. The southernmost island of the Fuegian archipelago termi- 
nates in the headland, or promontory, so w’dl known as Cape 
Horn. 

100. The North American Peninsula has a like form, its 
southern point being Mexico; but instead of terminating in the 
ocean, it is united with the South American peninsula by a tract 
of land called Central America, which, taken as a whole, may 
bo regarded as an isthmus, although geographers have, in this 
case, limited that name to its southernmost and narrow'est part, 
called the Isthmus of PanamH. 

107. The West Indian Arohipelacro stands in the same rela- 
tion to the North American peninsula as the Fuegian archipelago 
to the southern peninsula. This group of islands, celebrated as 
being the theatre of the great discovery of Columbus, is included 
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in the tract of water enclosed between the northern coast of 
South, and the soutliem coast of North, America. When 
Columbus undertook his voyage, his purpose was to sail to India 
round the western hemisphere of the globe, and when he arrived 
at the island of St. Salvador, one of the Bahama group, he ima* 
gined that he was on the coast of India ; and hence this, and the 
other islands of the archi[)elago subsequently discovered, came to 
he called the W est Indies : they are, however, more commonly 
denominated by French and foreign geographers the Antilles. 

The extensive tract of sea enclosed by the coasts of North 
and South America, and the chain of West Indian Islands, is de- 
nominated the Gulf of Mexico, and the Caribbean iSea ; the former 
l>eing included by the southern coast of North America, and the 
northern of ( 'entral America, and the latter by the northern coast 
of South America, the West Indian Islands, and the eastern 
const of Central America. 

108. The Penizunila of Florida presents another example of 
the like form. It is the southernmost [wint of North America, 
jutting into the ocean between the Atlantic and the Gulf of 
Mexico, and terminating in Caj)e Sable, directly north of the well- 
known harbour and city called Havannah, in the island of Cuba. 

100. Zaower Oalifornia has the same }>eniu8ulur form, directed 
southwards. It lies on the w'estern coast of Mexico, from which 
it is separated by an inlet of the racilic, called the Gulf of 
California. It is terminated at its southern point in a headland 
called Cape 8t. Lucas. 

110. Greenland, in the extreme north, presents an example of 
similar formation, being formed into an acute angle, jutting out 
into the Atlantic towards the south. 

111. Africa, in the Old World, is a stujiendous example of the 
same {Hjninsular outline. Like {South America it is triangular, the 
base being presented to the north, and the vertex to the south. 
There arc no islands below its vertex, but the tendency to the 
formation of one is indicated by the shoal called the Lagullas 
Bank, well known to mariners. 

112. Australia has a similar form, terminating with the island 
now called Tasmania, and formerly known as Van Diemen’s 
Laud. 

113. Slew Zealand, on a much smaller scale, presents a like 
example, terminating with an island called New Leinster. 

114. It is very remarkable that this tendency to the peninsular 
form with a southern vertex, not only prevails in the continents, 
but is discoverable equally in the more minute outlines of the 
land which determines the shores of gulfs, bays, and inland seas. 

115. The Spanish Peninsula, including Portugal, is an ex- 
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ample of the same prevailing; form, its southern apex being 
marked by the celebiatcd rock of Gibraltar, si‘parated from the 
northern coast of Africa by the narrow neck of water called the 
Strait of Gibraltar. 

116. The Italian Peninsula juts southwards into the Medi- 
terranean, with tlie islands of Sicily and Malta, and the small 
aroliipelago fonned by the Lipari Islands, at its southernmost 
l)oint. 

117. The Hellenic Peninsula is a like example, terminated 
by the l^lorca, and surrounded near its southernmost point by the 
Ionian Islands. 

IIH. The Oriinca, in the Black Sea, is a peninsula of like form 
and jMJsition, terminating M'ith a southern vertex near Sebastopol. 

IHk The Scandinavian Peninsula consists of Korway and 
Sweden, and enclosed between the Northern Atlantic on the west, 
and the Baltic and the Gulf of Bothnia on the east, ])resent8, like 
the others, an ajx'x to the south, and Zealand, and other smaller 
islands, lie oh' its southern point. 

120. European Peninsula. — Humboldt observes that Europe 
itself may be regarded as a great peninsula proj(*cUng from Asia, 
and enclosed h('tw'een the Mediterranean and Black Sea on one 
bide, and the Baltic and Arctic Ocean on the other. 

121. The Indian Peninsula juts into the ocean southwards, 
liaviug, like the others, a triangular form, and the island Ceylon 
oIFits southern apex. 

122. Further India. — The tract of land culled Further India, 
lying to the south of China, and including Cochin (.’hina, Siam, 
and Burmah, is another example of like form, terminating in the 
Malayan promontory with SiiigaiKU’e at its apex, and the Indian 
archipelago around its point. 

123. Hemisphere of most Eand. — There is a certain hemi- 
sphere of the globe within which nearly tin* whole of the land is 
included, the middle point of which is at the south coast of England. 
If an observer were elevated directly above this point, so as to 
obtain a bird’s-eye view" of the earth, he w’ould see the W"hole of 
Europe, Asia and Africa, North America, audtheehief part of South 
America, all comprised within the visible hemisphere: the only 
parts of the land which would be ineluded within the hemisphere 
beyond his view" would be the southern jK)int of South America, 
Australia, and the islands of the Indian Archij)elago. 

In Mop S, we have given these tw"o hemispheres, having repro- 
duced them from the Physical School Atlas of Alexander Keith 
Johnston, a work which we strongly recommend to students to aid 
them in comprehending this tract. 
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121. Formation of Rivers. — Tlio origin of all rivcr^^ is 
tin evaporation of the ocean. The surface of the oceans ami 
seas has an extent, as has been already explained, equal to 
nearly thr(‘c-fourths of the whole surface of the globe. This 
exti‘nsive mass of water is subject to an incessant process of 
evaporation. In this process, the pure water is separated from the 
salt and other s(did matter which it holds in solution. The vapour, 
therefore, which ascends into and mixes with the atmosplierc, is 
that of pure' fresh water. IJeing lighter bulk for bulk than the air, 
it rises into tlie higlicr regions, where it is transported in different 
directions by atniosplierie currents. r*\- the o])eration of tempera- 
ture and elei'tricity, it is converted into clouds, which, attracted 
towards the most elevated points of the land, collect in dense 
masses around the ridges and summits of th(‘ mountain^', where, 
b(*ing condensed and reconverted into water, ami sometimes con- 
gealed, it is precipitated in the form of rain or snow. From tlieso 
heights it descends by the common principle of gravitation, cither 
along the surface of the declivities, or througli the fissures and 
interstices of the soil, finding its way to tho lower levels ; and, fol- 
lowing tliese in their devious and winding course, it at length 
rtdurns to tho sea, with whicli it mingles, to bo again evapo- 
rated and sent once more tlirough tho same st'i ies of physical 
changes. 

12o. Efibct of a sing^le ridg^e. — When a tract of country, 
bounded on cither side by the sea, is traversed by an elevated 
ridge or chain of mountains, the rain and snow d( ‘posited upon 
them descends in streams along their slopes at either side, forming 
at first rivulets, W'hich, coalescing, swell into larger streams, and 
acquiri* tho character of rivers. These, following the declivities 
and winding througli the valleys, find their way on the one side 
or the other to the sea. In this case, the general direction of the 
rivers will be at right angles to the ridge wliich traverses the coun- 
try. The rapidity of tlieir streams will be i)roportionatc to the 
steepness of the declivity, and their length to the distances of 
the prevailing ridge from one or other coast. 

126. Sxample in the Bastem Continent- — An example 
of the play of this principle is presented in the great eastern 
continent, where, as has already been explained, the moun- 
tain-chains running from west to east are much nearer to the 
southern than to the northern coast. The rivers, therefore, which 
flow towards the south, are generally shorter and more rapid, 
while those which flow towards the north, passing over exten- 
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«ivo tablelands and plains having little deelivitj^, arc compara- 
tively long and sluggish. 

127. Bxample in South America.— South America pre- 
sents a similar example. Tlie chain of the Andos traversing the 
country north and south, and much nearer to the western than 
the eastern coast, gives a similar character to the rivers, those 
which Row to tlio west being short and rapid, and those which 
Row to the oast being longer and slower. 

In the northern part of South America, the principal moun- 
tain chain, diverging into several distinct ridges of the Cordilleras, 
produces a complicated system of ravines and valleys, which divert 
the course! of the waters in various directions, so that many of 
the rivers Row northwards and north -wc'st wards into the Carib- 
bean Sea. 

128. Bfibot of Parallel ridges. — Wlu^n a tract of coun- 
try is traversed by two ridges in nearly parallel directions, their 
declivities, which look towards each otluT, form a valley of greater 
or less width. The rain precipitated u^wn thesi‘ slope's, oolh'cting 
in strcjaras, descends from either side to the lowest ]»oint of the 
valley where they coalesce, and scuttling into a bed or channel, 
flow along the lowest level (d* the valhy, forming a river whose 
course is parallel to the general direction of the hounding ridges, 
and which continues its course until it discharges its waters into 
the sea. 

In ascending a river, it is found, as may b(‘ ex])ected, that the 
quantity of water which flows in it becomes h*ss and less as the 
distance from its mouth increases. Since the total collection of 
water must be proportionate to the number and magnitude of the 
tributaries above the j)oint of observation, the higher that point 
is, the less will the number of such tributaries be, and consequently 
the loss the quantity of water in the main stream. 

129. Chief tributaries considerable rivers. — In the case 
of all the great rivers, the principal tributaries themselves are 
rivers of considerable magnitude and importance, and some 
which have been classed as tributaries might with greater pro- 
priety have been considered as the main stream. 

130. Bxample of lUissouri. — ^Thus for examjdc the Mississippi 
receives os tributaries, streams so important as the Red River, the 
Arkansas, the Ohio, the Missouri, aud the Illinois. Now the 
Missouri is itself a river of much greuti*r length, width, and 
depth than that which above their confluence has been denomi- 
nated the Upj)er Mississippi, and if, of two confluent streams, the 
greater be entitled to bo regarded as the continuation of the 
main stream, the river which is now called the ^lissouri ought to 
be denominated the Upper Mississippi. 
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131. It must not be inferred from what has been here stated 
that the valley of every river is formed by slopes, having 
declivities obvious to the eye, or limited by chains of mountains 
of conspicuous elevation. Most commonly it is quite othei-^v ise, 
the declivities of the valley being so gentle as to be almost 
imp 4 *reeptible, and the summits of the ridges, which limit it, 
having no elevation w'hich entitles them to the name of mountains. 

1 32. Portage. — Where the navigation of a river is impeded by 
waterfalls, rapids, shallows or other natural obstructions, the 
space over wdiieh gor)d8, and sometimes canoes or boats have to be 
carried, to meet the navigable part of the stream again, is called 
a portage. 

133. Sxamplcs of rivers of North America.— This division 
(jf the western continent being traversed by tw'o ridges, the llocky 
Mountains and the Alleghanies, whose general directions are nearly 
parallel, is divided into three zones, running north and south, the 
centre and broadest of which is included betw'ceii the two ridges, 
the eastern zone sloping dow;i from the Alleghanies to the Atlantic, 
and the western from the llocky Mountains to the Pacilic. 

134. Saatern rivers. — The disposition of the general relief 
of the continent, showui by a section of it, running east and w’cst, 
determines three dillerent directions for the rivers. Those wdiich 
are formed of the drainage of the eastern slopes of the Alleghanies, 
How eastw’ard into the Atlantic, and the distance of the ridge of 
the Alleghanies from the Atlantic coast not being great, and the 
surface of the intervening zone being nearly plane, the lengths of 
the rivers are inconsiderable, and their streams not rapid. 

13a. Western rivers. — In the same manner the drainage of 
the western slope of the Kooky Mountains forms a series of rivers 
wdiich flowing w^estward fall into tlie Pacitic. 

13G. The Mississippi and its tributaries. — Th(‘ great ex- 
tent of the valley included between the ridges of tlie Alleghanies 
and the Kockj' Mountains, and its great capacity for cultivation, 
confer upon it an importance which is immensely augmented by 
the great length through which the rivers which traverse it, are 
naWgable. 

137. The drainage of the western slopes of the Alleghanies, and 
that of the eastern slopes of the Rocky Mountains, form two 
systems of rivers, the one flowing from west to east, and the other 
from east to west, and meeting in a common bed in the centre of 
the vuKey. They thus form a main stream traversing the valley 
from north to south, the magnitude of which increases as it 
descends southwards, in proportion to the number and magnitude 
of the streams which flow into it from the one side or the other. 
Tliis central stream is the Mississippi, which gives its name 
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to the entire valley, extending? from the Gulf of Mexico, into 
which its waters fall, to the great northern lakes. 

138. Red River— Arkanaaa— Ohio.— New Orleans, which is 
the port of the Mississippi, is built at the confluence of the arms of 
its Delta, about one hundred miles above its mouth. Ascending the 
river from this point, wo encounter successively its vast tributaries, 
the first of whkii is called the Red River, which flows into it from 
the slope of the Itoeky Mountains upon its right bank. Proceeding 
upwards, the next is the Arkansas, on the same side, which itself 
receives at various j»)ints of its course subordinate affluents, among 
Avhieh the ]»rineipal are the Canadian, the lied Fork, the Salt 
Fork, &e. A little higher, we com<j to the Ohio, flowing from 
the east, after having traversed a vast extent of the great valley, 
and receiving several large tributaries, such as the Cumberland, 
the Tennessc^e, the Wabash, &c. Tlie Ohio carries the chief f)art of 
the comnu'rce of tins states of Tenncss(‘(‘, Kentucky, Virginia, 
Ohio, Indiana, Illinois, and the western part of J’ennsylvania. It 
washes Pittsburgh, Cincinnati, and J.ouisvilie, while its tribu- 
taries reach the luineipul towns of the interior of the adjaeent 
states. It is navigated by steam-boats of the larg(‘st class as 
high as Pittsburgh. 

13fl. St. touia.— Ueturning to the eonHucnce of the Ohio and 
the Mississippi, and eont inning to ascend the latter river, wo 
arrive at St. Fouis, a city of the first importanee, and likely one 
day to bociome the great capital of the valh*y of the Mississippi 
and tin* western division of the States, with New Orleans for its 
port. Already we see ranged along its quays Imndreds of steam- 
boats of immense tonnage, which jdy incessantly between it and 
New Orleans, carrying down the stream the produce of the 
interior, and up, innumerable articles of importation. 

HO. Illinois. — Immediately above St. Louis we arrive at a 
point marked by tlie eoufluenee of three streams, one flowing from 
tlie north-cast, one from the north, and the other from tlie 
north-west, the last being the most considerable. The first is the 
Illinois river; the second, though less considerable than the third, 
is taken hy geographers as the continuance of the main stream of 
the Mississippi ; and the third and greatest is the Missouri, regarded 
as a tributary of Mississippi. 

The Illinois river ascends the state of that name in a north- 
easterly direction, and is navigable for a considerable distance to 
a point where it is connected by a canal with Lake Michigan 
at Chicago. By this means a continuous water-communication is 
established between New Orleans and the northern lakes, and by 
those lakes with the St. Lawrence. 
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141. Sonroe of MiMiMippL — Ascending the main stream from 
its point of oonRuenoe with the Missouri, after passing several 
tributarioB of less importance, we arrive at the falls of St. Anthony^ 
which constitute the limit of its navigable course. Above these 
wo find its source in a sheet of water, called Lake Istaca, situate 
near the northern limit of the territory of the United States, 
and at a short distance west of Lake Superior. 

142. Miuouri and its tributaries. — Returning to the con- 
fluence of the Mississippi with the Missouri, and ascending the 
latter stream, we find innumerable tributaries, variously denomi * 
nated Smoky-hill-fork, Republican-fork, Rlatt-river, White- 
river, Yellow-stone-river, &c., until the stream, reduced to a 
number of diverging threads, loses itself in the flanks of the 
Rocky Mountains. 

Such is a brief and rapid view of this prodigious vein of inland 
navigation. As shown in our general plan of the rivers, the total 
length of the Mississippi and its chief tributary is estimated at 
4500 miles. 

143. The Amasons. — Among the rivers of Southern America, 
which flow from the wcsteni declivities of the chain of the Andes, 
by far the most im])ortant is the Amazons, which, considered 
merely in its geographical cliaracter, ranks as the greatest of 
rivers. The total Icngtli from the mouth to the source of any one 
of its thousand tributaries, is less than the length of the 
Mississippi similarly measured, but numerous and large as the 
tributaries of the latter arc, those of the Amazons are still 
greater in number, width, and depth. 

This immense stream, and its countless aftluents, drain a 
vast plain lying between the tableland of Brazil, on the south, 
and the chain of mountains rising from a similar tableland of 
less extent, on the north, called the tableland of I'aramo. It 
receives tributaries accordingly from an extensive series of 
declivities completely surrounding it, from those of Brazil on the 
south, from the Andes of Peru on the south-west, from the Andes 
of (luito on the north-west, and from those of the mountain- 
chains of Paramo on the north. 

Tho plain and surrounding declivities drained by this immense 
river system, is little less iu extent than 3,000000 of square 
miles, being ten times the magnitude of the French empire. Its 
largest branch, considered as the commencement of the main 
stream, is called tho Maranon, a name w'hich is sometimes applied 
to the entire river. The main river and its tributaries are 
navigable at distances of nearly 2500 miles from its mouth, and 
its width, near its mouth, being nearly 100 miles, it resembles an 
arm of the sea more than a river. 
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144. The tributaries of this river are severally so considerable 
in magnitude and importance, that geographers are not agreed 
os to which of them should be regarded as the main stream, and 
the name Amazon is generally confined to the part of the river 
below the confluence of several chief tributaries, which unite 
nearly at the point where the liio Negro or Black River joins the 
Amazons. A view of a good map of this part of Southern 
America, will give the reader a more clear idea of the course of 
this river and its tributaries, than could any mere verbal descrip- 
tion. The greater tributaries are above twenty in number, 
all of which are na^’igable tt» a iH>int near their sources, while 
the lesser ones are countless. 

Notwithstaniling the geographical superiority of the Amazons, 
and its vast extent of navigable water, it is inferior in commercial 
importance to the Mississippi ; the districts of country traversed 
by the river and its branches consisting of tracts of natural 
forest, and uncleared and uninhabited ground. 

14o. The Orinoco, another of the grc'ut rivers of the 
southern division of the new continent, drains a valley in- 
cluded between the tableland of Paramo, the eastern chain of 
the Cordilleras, and the plateau of Caraccas. This river, 
having its source near that of the Negro, Hows first north, 
and then east, discharging its waters into the Atlantic, through 
a delta, at the borders of the Caribbean sea, ojiposite the island 
of Trinidad. 

146. The nio de la Plata. — The third great river of Soutli 
America is that which uear its source is called the Parana, and 
near its mouth the Plata. It discharges its waters into the South 
Atlantic, at Buenos Ayres, after having Howed down a valley 
included between the Andes of Chili and the Brazilian mountains. 
The length of this river is estimated at 2700 miles, and for 200 
miles above its mouth it is uowhere less than 170 miles wide. 

147. The River Syatem of Europe is as inferior to that of 
the new continent in geograjihical, as it is superior to it in com- 
mercial and social importance. With the exception of some of 
the lines of river-communication in the United States, the world 
can aiibrd no parallel for the spectacle of commercial and 
social movement presented by the Kuropean rivers. The gentle 
declivities of the water-sheds from which they derive their 
sources, and the general flatness of the plains over which they 
flow, are eminently favourable to their commercial utility. 

In the western division of Europe, the chain of the Alps and the 
German mountains form the ridge, along the slopes of which, 
north and south, the waters flow towards the Atlantic on the one 
side, and the Mediterranean and Black Sea on the other. In the 
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eastern division there is no mountain-chain thus to divide the 
drainage. A slight and imperceptible elevation of the general 
plain produces two opposite water-sheds, commencing in a low 
range of hills separating the sources of the Dnieper from those 
^of the Vistula, and winding along the plain to the tableland of 
Valdai, which forms its summit, 1200 feet above the level of the 
sea. The ridge then turns northward towards Lake Onega, and, 
following a winding course, terminates in the Ural Mountains, 
about 62" N. lat. 

The drainage of the north side of this ridge fonns the rivers 
which How into the Baltic and the White ISea, that of its southern 
declivity those which how into the Black Sea and the Caspian. 

148. General Vlan of the liivera of the World. — The prin- 
cipal rivers of the world, with their tributaries, their embouchures, 
and their sources, are exliihitei in one general plan on the opjM)- 
site page, where their lengths arj indicated. 


CLLMATK. 

140. fcince the prevailing character of the animal and vegetable 
kingdoms, in each division of the earth’s surface, depends chiefly 
on climate, it is necessary, on that account alone, independent of 
many other considerations, that the student in geography should 
be rendered familiar with the conditions, which in each part of 
the globe determine the varying vicissitudes and temiierature of 
the seasons. 

150. Dependence of Climate on l.atitude.— The first and 
cliief condition which determines the climate of a country, is its 
position with respect to tlie etpiator. It may be stated, subject 
to some special qualifications, that the nearer any country is to 
the Line, or what is the same, the lower its latitude, the higher 
will be the mean temi)erature of its seasons. 

The reason of this is partly geographical and partly astro* 
nomical. 

The earth revolves diumally upon an axis, so directed that 
the equatorial parts are presented either exactly or nearly to 
the sun. They are presented exactly to that luminary at the 
epochs of the equinoxes, in March and September. From March 
to June they arc gradually more inclined from the sun towards 
the south, the northern hemisphere inclining towards that 
luminary, so as to receive its rays more directly, and in greater 
quantity than the southern hemisphere. This inclination of 
globe increases constantly from March to June, and then 
decreases from June to September. The northern hemisphere 
is thus more and more exposed to the light and warmth of the 
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siin, from March to Juno; the days during that interval are 
gradually longer and warmer. It is constantly less inclined 
from June to September; the days during that interval are 
gradually shorter and less warm. 

Hence it is, that in the northern hemisphere the longest days ^ 
and highest temperature take place after J une, the temperature 
after March being more moderate. The interval between March 
and June constitutes, therefore, the spring, and the interval 
between June and September, when the accumulated effects 
of heat arc greater, the summer. 

151. This varying position of the earth towards the sun will be 
rendered more easily intelligible by illustrative diagrams. 

Ixit N s in these four figures represent the axis of the earth, 

N being the north, and s the south pole. Let e Q at right angles 
to N H be the equator, and let s' be the dir(‘ction of the sun. 

152. In fig, 8 is shown the position of the earth on the 21st of 
March, the day of the spring equinox. The equator i: is then 
presented exactly in the direction of the sun, the light and heat 
of which are equally distributed between the two hemispheres. 


Fig. fi. Fig. 5». 



2l8t September. ;21st l^ccmber. 


The boundary of the enlightened hemisphere passes through the 
poles i^and s, and divides into two equal parts all the pandlels 
of latitude. As the earth revolves, therefore, upon its axis, each 
place upon its surface is during equal intervals exposed to and 
withdrawn from the sun’s light In other words, the days and 
nights are equal in all parts of the earth. 
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153. As the earth tui*ns upon its axis n s, all the places upon 
the etiuator E Q are brought successively to the point e, directly 
under the sun. In other words, at all such places the sun is 
vertical daily at noon. 

154. At all other parts of the earth between e and x, or 
between E and s, the sun is seen at noon obliquely, or what is the 
same, it is at a distance greater or less ftom the zenith. And 
the more distant the place is from the equator, the more distant 
will the sun be from the zenith at noon. 

155. But since the thermal influence of the sun depends in a 
great degree upon its proximity to the zenith at noon, it follows 
that this influence will gradually decrease in going from E to x, 
or from E to s. The temperature, therefore, of the climate at the 
time of the equinox will gradually diminish as the latitude 
increases. 

But since any two ])laces at equal distances from the equator, 
north and south, would be presented towards the sun at noon with 
equal obliquities, it follows that so far as depends on this circum- 
stance, the thermal influence of tlic sun at plaees having equal 
latitudes north and south, w'ill be the same at the time of the 
equinoxes. 

156. The position of the earth with relation to the sun on the 
Slst of June is shown in fig. 9. The equator E in the interval 
between the 2l8t of March and the 21st of June, has gradually 
declined to the south. The north pole x has consequently been 
turned more and more towards the sun s', and the south pole s has 
been turned more and more from it. In this position, therefore, it 
is evident that the sun shines more fully on the northern, and less 
so on the southern hemisphere. The point x, to which it is 
vertical at noon, is now, not as in the former case upon the 
equator, but at the distance of 23^^ north of it. Places in the 
northern hemisphere above this point are shone upon by the sun 
at noon with much less obliquity than places having equal lati- 
tudes in the southern hemisphere. 

157. The circle which bounds the hemisphere of the earth 
enlightened by the sun, divides all the parallels of latitude 
unequally, the larger part of .those in the northern hemisphere 
being enlightened, and the larger part of those in the southern 
hemisphere being dark. 

It follows, therefore, that at this time the days are longer than 
the nights in the northern, and the nights longer than the days in 
the southern hemisphere. 

158. Now the temperature of the seasons, in any given place, 
depends conjointly on the altitude to which the sun rises, and on 
the length of the day ; for the greater the altitude is, the more 
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directly will the solar rays fall upon the place ; and the longer 
tlie day is, the longer will he the interval during which the 
thermal influence of the sun is exerted, and the shorter will be 
the interval during which its presence will be withdrawn. 

159. For all these reasons, therefore, on the 21st of June, when 
the northern hemisplicrc is most inclined towards the sun, and 
the southern most inclined from it, the thermal induence of the sun 
will be greater in the northern, and less in the southern hemi- 
sphere, than at any time from the 21st of March to the 21 st of June. 

During this interval the northern hemisphere is gradually 
more and more inclined towards the sun, and therefore the length 
of the day is continually increasing, as well as the altitude to 
which the sun rises at noon. These two circumstances combine 
in gradually increasing the thermal influence of the sun from the 
21st of March to the 2l8t of June. . 

The same circumstances will show that during the same interval, 
the thermal infiueiice of the sun in the southern hemisphere is 
gradually diminished ; the days being there constantly shorter, 
and the altitude to which the sun rises at noon constantly leas. 

After the 2lBt of June the northern hemisphere is graduaUy less 
and less inclined towards the sun, and the southern less and less 
inclined from it, until at length on the 21st of September, the day 
of the autumnal equinox, tlie earth resumes the position, fig. 19, 
with relation to the sun which it had on the 2l8t of March, the 
equator E being then, as before, directed exactly towards the sun. 

160. The two hemispheres therefore, as in March, being equally 
exposed to the sun, receive from it the same thermal influence, 
and the parallels of latitude being all bisected by the circle 
which bounds the enlightened hemisphere, the days and nights 
are equal at all parts of the earth. 

Since the altitude to which the suu rises, and the length of the 
days at equal mtersMils before and after the 21st of June, are 
the same, and tJierefore the thermal influence of the sun also the 
same, it might be inferred that the temperature of the weather 
would likewise be the same ; aud if this inference were just, it 
would follow that the season from the 21st of March to the 2l8t of 
June, would he similar in all itsttiermnl characters to the season 
from the 21st of June to the 21st of September, except that the 
succession of temperatures w^ould he developed in a contrary 
order. Thus it would be expected that the temperature of the 
weather ten or twenty days after the 2l8t of June would be 
identical with its temi)erature ten or twenty days before the 2l8t 
of June. 

161. But it is notorious that the thermal phenomena are not at 
all in accordance with this ; the season from the 2lBt of March to the 
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2Ut of June, called the Spring, having generally a much lower 
tem|)erature than the season from the 21st of June to the 2l8t of 
September, called the Summer. 

I^et us see, then, whether we cannot render evident the cause 
of this. 

The temperature of the weather in a given place, depends not 
exclusively upon the thermal influence exercised by the sun 
during each day. It must be remembered that when the days are 
much longer than the nights, and the suii rises to a considerable 
altitude, a greater quantity of heat is imparted to the atmosphere 
and to all objects upon the surface during the day, than is lost 
during the niglit, and, consequently, an increment of heat is 
given to all sucli objects every twenty-four hours. The conse- 
quence is, tliat tlie general effect of the sun^s thermal influence 
during (ach successive twenty- four hours is to augment tlie 
temperature, and thus to increase by accumulation the heat from 
day to day ; and this daily increase "will obviously continue until, 
by tho shortening of the days and the decrease of the sun’s 
altitude, the increment of heat during the day becomes equal to 
its decrement during the night. Tho day on which that takes 
place will be tho hottest day, because it will be that upon which 
the daily accumulation will cease. After this, the days being 
further shortened, and the sun’s altitude further diminished, the 
increment of heat during the day will be less than its decrement 
during the night, and after each inU^rval of twenty-four hours 
there will be on the whole a decrease of heat, and so the tempe- 
rature of the weather will be diminished. 

162. Now, from a due consideration of thes(‘ circumstanoes, it 
will be easy to see why the season of summer is warmer than the 
season of spring, altliougU the »un’s altitude and the length of 
the days are, on the whole, precisely the same lx»th in one season 
and the other, only succeeding each other in a contrary order. 
Until the 21st of June the daily thermal influence of the sun con- 
tinually increases, for the reasons just explained, and it is greater 
on the 21 st of June than on any other day before or after. But 
although this thermal influence decreases after the 21st of June it is 
still considerable, and from day to day adds something more or less 
to the heat already accumulated in the atmosphere, and conse- 
quently continues to augment the temperature ; and this increase 
only ceases, when the thermal action of the sun during the day, 
begins to be counteracted and balanced by the loss of heat during 
the night. 

163. Hence it arises that a certain interval, from the 21gt of 
June to the latter part of July, is generally the hottest part of 
the summer, being called the Dog-days, either because of the 
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prevalence of canine madness during that period, or because at an 
early epoch in astronomical history the Dog-star rose before the 
sun in the morning at that season, and thus harbiogered the God 
of Day. It may even have happened that the Dog-star took its 
name originally, from the prevalence of canine madness at that 
season. 

164. The circumstances which explain the phenomena of summer 
in the northern hemisphere, will also explain those of winter during 
the same interval in the southern hemisphere, since the southern 
hcmiRj)ht‘rc at all times is inclined from the sun, exactly as much 
Jis the northern hemisphere is inclined towards it, as will be 
xipparent by reference to fig. 9. 

16t5. After the 21st of September (fig. 10), the day of the 
nutumnal equinox, the equator is gi*adually inclined towards the 
north, and the northern hemisphere gradually inclined from the 
sun, and this inclination constantly increases until the 21st 
of December, when it is greatest, as shown in fig. 1 1 . 

The solar rays, as will be apparent from the figure, then fall 
with greatest obliquity on the northern hemisphere, and with 
least obliquity on the southern. The parallels of latitude are un- 
■equally divided, in both hemispheres, by the circle which bounds 
the enlightened part of the earth. In the northern hemisphere 
the greater iwtions of these parallels arc dark, and the lesser 
portions enlightened, wliilc the contrary takes place in the southern 
hcmisjdicre. The days are, therefon', shorter than the nights in 
the northeni, and longer in the southern hemi8i)liere ; and the 
sun rises only to low altitudes in the former, but to considerable 
altitudes in the latter. In fine, all the circumstances show that, 
in this position of tlic earth, the summer commences in the 
southern, and the winter in the northern hemisphere. 

166, After the 21st of December, the inclination of the northern 
hemisphere from the sun gradually and constantly diminishes 
until the 21st of March, when the equator is once more presented 
dirt'ctly to the sun, which affects both hemispheres alike. 

Since the 21 si of December is the shortest day, and that upon 
which the sun rises to the least altitude, it is consequently that on 
which its thermal influence is least, and it might therefore be 
expected to be the coldest day, and consequently to be mid- 
winter. It is notorious, on the contrary, that the coldest weather 
is at a later |>eriod. This is explained upon the same principles 
exactly, as those which show why tlio 21st of June is not the 
hottest day. 

167. The decrement of heat which takes place in the atmosphere 
owing to the length of the night, the shortness of the day, and 
the low altitude of the sun on the 21st of December, is greater 
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than the decrement on any succeeding day ; but still on these 
succeeding days there is still a decrement of heat, though a less 
one, and therefore on the whole the temperature must continue to 
fall, and it will so continue until by the increasing length of the 
day, and the decreasing length of the night, and the increasing 
altitude of the sun, the increment of heat during the day becomes 
equal to its decrement during the night ; after that takes place, the 
result of the sun’s iniluenoe during each twenty-four hours will be 
on the whole an increase of heat, and the temperature of the 
weather will accordingly be augmented. 

Hence it is that the winter season in the northern hemisphere is 
th< interval between the ‘Jlst of December and the spring equinox ; 
the same inL rvul being the summer season in the southern 
hemispher*?. 

The altitude to which the sun rises at noon constantly increases 
until the 2l8t of June, when it becomes as it were stationary, 
and afterwards decreases. In the same manner the altitude at 
noon constantly decreases until the 21st of December, aftc;r which 
it increases, having remained in like manner stationary for a 
certain interval. These two epochs have therefore been called 
the solstices, one being denominated the summer, and the other 
the winter solstice, from a Latin word which signifies the standing 
or stationary jwsition of the sun. 

168. When the northern hemisphere is most inclined towards 
the sun, as shown in fig. 9, the sun is vertical at noon to all 
places at 23 north of the equator. Defore that day, and after 
it, the sun’s altitude at noon is less than 90% and consequently it 
does not reach the zenith. It may be considered therefore 
gradually to approach the zenith at such places until the 21st of 
J line, and then gradually to recode from it. 

From this circumstance the parallel of latitude w'hich passes 
through such places has been called the tropic. 

Similar phenomena are produced at the corresponding parallel 
of south latitude, and these parallels are accordingly called 
respectively, the northern and southern tropic, or the Tropic of 
Cancer and the Tropic of Capricorn, 

169. It will be evident, by considering the diagrams, fig. 9 and 
fig. 11, that the sun can never be vertical at noon to any part of 
the earth except to places which lie between the tropics, and at 
all such places it is vertical at noon twice in the year. 

170. These astronomical causes of the vicissitudes of the seasons 
may be further illustrated by the diagram, fig. 12, which pre- 
sents a perspective view of the earth in twelve successive positions 
w’hich it assumes in one revolution round the sun, the observer 
being supposed to view^ it from the north side of the plane of its 
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orbit. Its motion in that case is in a direction contrary to that 
of the hands of a clock, or to that of a common screw when turned 
so as to cause it to move inwards or forwards. 

While the globe thus moves round the sun, its axis keeps con- 
stantly the same direction, so that in any one position it 


Fig. 12. 

21«t Sopt. 
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parallel to the direction which it liad in any other i)osition. On 
the 21st of June, as shown to the right of the diagram, the 
northern extremity of the axis, or the north pole, leans towards 
the sun through an angle of 23^®. If we suppose a parallel of 
latitude to be described at that distance from the pole, all places 
within tliat parallel will receive the light of the sun, and the 
rotation of the globe on its axis will not throw any of these places 
upon the dark side of the earth. It follows, therefore, that on 
the 2 let of June the sun does not set at all to any place above 
that parallel, and there is consequently twenty-four hours day. 

By referring to the position of the earth, on the extreme left 
of the figure, which it has on the 21st of December, it will be seeu 
that then the north pole is inclined from the sun, just as much as 
it was inclined towards it on the 21st of June, and that the same 
places, bounded by the parallel of latitude 23J“ from the pole, 
which on the 21st of June lay altogether on the enlightened side 
of the globe, and enjoyed twenty-four hours day, now lie on 
the dork side, and have twenty-four hours night. As the sun 
never sets to such places on the 2l8t of Jime, so it never rises 
to them on the 21st of December. 

In the positions successively assumed by the earth, in July and 
August, the north pole is less and less inclined towards the sun, 
and the part around it, which has no sunset, is limited by a less 
and less parallel of latitude. On the 21st of September, the equator 
being presented to the sun, there is no part ardi^d the pole 
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which has continual day, all places being twelve hours exposed 
to the sim, and twelve hours removed from it. 

After the 2l8t of September, the north pole begins to incline 
from the sun, and in October, a small portion around it is entirely 
deprived of the sun’s light. This portion, thus invol /sd in con- 
tinual night, constantly increases in extent until the 2lst of 
Oeermber, when it extends to the parallel of latitude already 
mt utioned. After the 21st of December, the north ^wle is less 
and Jess inclined from the sun, so that the portion involved in 
rontinual night is less in January, and still less in Febniary, 
and on the 21st of Marcli, as on the 21st oi September, there are 
tMxlve hours day and tw’elve hours night to all places. 

After the 21st of March, the north pole begins again to lean 
towards the sun, and a portion of the earth around it enjoys 
(‘ontinual day, this portion increasing in extent during the 
months of April and May, and attaining its greatest magnitude 
on the 2l8t ol June, when its extent, as already explained, is 
a circle 23^'' irom the ]>ole, 

171. The parallel which is 23|° from the pole, is 66 from 
tlie equator, and consequently has the latitude north of 66^^ 

'J'liis parallel of latitude is called the Arctic or Polar Circle ^ 
and the polar legion included by it is called the Frigid 
/.om . 

All the circumstances, which are here explained, respecting the 
north |K)lar region, circumscribed by the arctic circle, will be 
equally applicable to the corresponding region, circumscribed by 
a circle 23|^ trom the south pole. Such a circle is called the 
Polar or Antarctic Circle^ and the polar region circum- 
scribed by it is the tSoathrrn Frigid Zipuv. 

172. Although the diurnal and nocturnal jJu iioraena of the two 
frigid zones, northern and southern, are precisely the same, they 
me not simultaneous, those wdiieli are identical being produced 
at opposite epochs of the year, as will he rendered evident by 
examining attentively the several iwsitions of the illuminated and 
dark hemispheres of the globe in the successive months, in 
6g. 12. AViien the entire north polar circle is enlightened on 
the 21st of June, the entire south polar circle is dark. There is 
continual day in the one, and continual night in the other. On 
the contrary, when the entire north polar circle is dark on the 
21st of December, the entire south polar circle is enlightened. 
There is continual night in the one, and continual day in the 
other. 

The phenomena on the 21st of June, therefore, in the northern 
frigid zone, are identical with those of the 21st of December in 
the southern frigid zone, and vice versd* 
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In the like manner, there is just so much of the northern polar 
region enlightened, and of tlie southern polar region darkened, in 
J uly, as there is of the northern polar region darkened, and the 
southern enlightened, in January. The diurnal and nocturnal 
vioissitudes, therefore, of the northern frigid zone in July, art- 
identical with those of the southern frigid zone in January, and 
vice versa. 

If the reader will take the trouble of following the position of 
the earth from month to month, as shown in hg. 12, he will be 
able to satisfy himself, that at all intervals of six months the 
vicissitudes of light and darkness are in the same way reci- 
procated between the two frigid zones. 

It might be inferred, that the continual presence of the sun 
above the horizon, would necessarily produce a great calorific 
effect ; and at least during tliat jwrtion of the year, during 
which they are respectively inclined towards the sun, the polar 
circles would enjoy intense heat. That such, however, is not 
the case is easily explained. The heat imparted by the sun 
to any part of the earth exposed to its influence, depends, a> 
already stated, on two conditions: first, the altitude to which 
it rises, and secondly, its continuance above the horizon, or tin- 
length of the day. Rut the former condition has a vastly 
greater influence U}>on the thermal eflects than the latter. 
Altliough, tln-refore, the continuance of the sun above the 
liorizon, at tlie polar circles, is favourable to the development 
of heat, yet the very low altitude to which it rises counter- 
acts this effect; so that witliin the polar circles, even with 
the influence produced by the continnoiis presence of the sun, 
the general tomperatiu’e is invariably below that at which 
water freezes. 

It is from this continuance of a temperature so low that the 
frigid zone has taken its name. 

173. Torrid Xone. — The part of the earth included between 
the tropical circles, which comprises all places having a latitude 
less than 23^^^, is called the Torrid Zone, 

Altliough the exposure of these regions to the heat of the sun 
varies within certain limits betw^oen Hecember and June, being most 
completely presented to that luminary in March and September, 
they, ncvertlieless, receive the solar influence in a much more 
l>owerful degree, tlian the parts of the globe having higher lati- 
tudes in the one hemisphere and the other. 

It is demonstrated in physics, that the heating power of the 
sun^s rays falling upon any object increases in proportion as they 
approach to the perpendicular direction upon it. At the time of 
the equinoxes, therefore, the noon-day sun upon the Line, project- 
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ing its rays perpendicularly downwards, produces the greatest 
possible calorific effect. 

At these times, also, the sun, rising precisely in the i'ast,. 
ascends the heavens at right angles to the horizon, until at noon it 
reaches the zenith ; after which it descends perpendicularly in like 
manner, and sets precisely in the west. 

174. Sun vertical twice a year in the Torrid Zone. — 
Ever\' iK)int of the torrid zone is presented, at one period or 
anothcT of the year, directly to the sun, so that there arc two 
days in the year ui>on which the sun at noon is vertical at such 
places, and its extreme departure from the zenith at noon is 
always very limited. Thus to places on the Line, the sun at noon 
never de[>arts from the ztmith more than 23^-“, and even at the 
limits of the torrid zone, that is, at the latitude 23A° north or 
south, the sun which on tlie 21st of Junt* is vertical at noon in 
the northern, and on the 2l8t December in the southern hemi- 
sphere, is not more than 47° from the zenith at noon on the 2 1st of 
December in the northern, and on the 21st of June in the southern 
hemisphere ; for all places within the tropics the extremes distance 
of the sun from the zenith at noon must always be less than 47®. 

Indeed it may be stated generally, that for places between the 
tropics, the greatest distance of the sun at noon from the zenith 
will be found by adding 23 J'* to the latitude of the place, and 
that twice in the year it passes through the zenith at noon. 

When it is considered that the temperature of the weather 
mainly depends on the distance of the sun from the zenith at noon, 
increasing as that distance decreases, it will be easily understood 
why the climate of the torrid zone is characterised by that ex- 
tremely ekyated temperature from which it takes its name ; for 
although the aim at noon, during a certain part of the year, is at 
a distance more or less considerable from the zenith, the interval 
diu'ing which it has this distance is comparatively short, and that 
during which it is in or near the zenith much more considerable. 

The hottest seasons occur, not as might be first supposed, upon 
the Line, but at and Avithin a limited number of degrees of the 
tropics ; because at such latitudes the sun at midsummer con- 
tinues to cross the meridian very near to the zenith for a much 
more considerable time than on the Line at the epochs of the 
equinoxes, where its change of declination is much more rapid. 

175. Temperate Zone.— The parts of the globe included 
between the limits of the torrid and frigid zones, — that is between 
the latitudes 23^^ and 66^°, — is exempt from the extremes of 
temperature which characterise the one and the other of these 
regions. Within its limits the sun never ascends to the zenith, 
nor on the other hand are the phenomena of continuous day or 
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continuous night ever witnessed. The warmth o£ summer is 
produced by long days, combined with moderate meridian 
altitudes, and the rigour of winter is mitigated by the presence of 
the sun above the horizon for a considerable interv al, even on the 
shortest days. 

It must not be understood, that witliin tlie limits of what is 
thus called Uie temperate zone, the climates are uniformly the 
same. On tlie contrary, in approaching those limits, at which it 
is united with the tfjrrid and the frigid zones, the character of 
the climates approach gradually to those peculiar to the one extreme 
zone and the other, so that the climates of the higher latitudes of 
the temperate zone differs but little from those of the lower 
latitudes of the frigid zone, while those of the lower latitudes of 
the temperate zone, approximate gradually and insensibly to 
those of the higher latitudes of the torrid zone. In fact, within 
the limits of the temperate zone are included a much greater 
variety of climates than any which characterise cither of the 
extreme zones. 
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1 76. dlimale dependent on elevation. Snow iane.~It has 
been explained in our Tract on Terrestrial Heat, that as we 
ascend into the atmosphere from the level of the sea, the mean 
temperature gradually decreases, and beyond a certain elevation 
it falls even below the freezing point of water ; above this limit, 
therefore water cannot exist in the liquid state, and must assume 
the state of snow or ice. Such an elevation is accordingly 
designated the limit of perpetual snow, and it is marked on all 
lofty mountains by the limits of their snow-covered sides. This 
boundary is accordingly called the Snow Line. 

It may be stated as a general fact, subject nevertheless to 
some local qualification, that the elevation of the snow-line is 
greatest at those parts of the earth, where the climate at the level 
of the sea is hottest, and that its elevation decreases with the 
decrease of the mean temperature of the same level. The snow- 
line, therefore, has the greatest elevation within the tropics, and 
decreases gradually with the increase of latitude, until at the 
IK>lar circles it falls to the surface. 

8ince climate therefore varies, not only with the latitude but 
with the elevation of the place above tl»o level of the sea, it 
follows that in mountainous regions a variety of climates will 
prevail, depending on the elevation of the summits. If that 
elevation exceed the limits of the snow-line, all varieties of 
climate btdween that which characterises the sea level, or 
which is natural to the plateaux on which the mountains stand, 
and the climate of the poles are found, and consecjuently a 
corresponding variety of natural productions, vegetable and 
animal, and corresponding susceptibilities of culture prevail. 
This is a circumstance which gives much interest to mountainous 
countries, and often ooufers upon them great commercial and 
social advantages. 

It is evident, also, that the higher the mean temperature of 
the plateaux is upon which snow-capped mountain ranges stand, 
the giv.atcr will be the varieties of climates exhibited between 
their summits and their bases, and the greater consequently will 
be also the variety of natural productions and artificial culture. 
Hence arises the magnificent display of vegetation exhibited in 
those ranges of the Andes and Cordilleras, and other lofty ridges 
which intersect the torrid zone, 

177. Vegetation of the Himalayas.— Although the chain of 
the Himalayas far exceeds in elevation the Andes and Cordilleras 
of South America, they are thus, from their geographical position, 
being situate far beyond the limits of the torrid zone, excluded 
from the advantages here noticed, and they present none ot 
that inexhaustible variety of phenomena by which the ridges 
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which rise to such vast altitudes from the plateaux of the 
torrioU zone are characterised. Beautiful as are the valleys of 
Kumaoon and Nepaul, they are not signalised by the presence of a 
single palm-tree. On the southern slope of the raropamisan 
range, which extends over 350 miles of Persia and Afghanistan, 
and separates the deserts of Y'ezd and Turkestan, Nature nowhero 
displays that profusion of arborescent grasses, tree-ferns, heli- 
eonias, and orchideie which are witnt^ssed on the Itigher plateaux 
of the tropical mountains. On the slopes of the Himalayas, under 
the shade of the deodar and the large-leaved oak ])eeuliar to 
these Indian alps, the roeks of granite and inica-sehist are clothed 
with forms clostdy restunhling those w'hieh eharaett rise Europe 
and northern Asia. The speeies indeed are not identical, hut 
they are similar in their asj»(‘ct and phj siognomy, including 
junipers, Alpine birches, gentians, parnassias, and ])ri(;kly speeies 
of ribes. The chain of the Himalayas is also wanting in those 
imposing voleaiiie phenomena, which in the Andes and the 
Indian Archipelago often recall to the inhahitants, in characters 
of terror, the exi>teiice of forces developid within the globe. 
Moreover, on the southern declivity of the Himalayas, where the 
> apoiir-loaded atmosphere of Hindostau deposits its moisture, the 
region of i»erpetual snow descends to a zone the elevation of 
which docs md exceed 13000 feet. Thus the region of organic 
life ceases at a limit 3000 feet lower, than that to which it extends 
in tlie cMpiiiioctial jiortion of the Cordilh ras. 

178. Vegetation of the Andes. — The mountainous regions of 
the Tropics present a further advantage in being that pjirt of the 
globe, as already mentioned, where the greati'st })ossil»le variety 
of impressions are produced by the coiitem])lation of nature. In 
the Andes of Chindiiiamarca, (iuito, and Peru, furrowt d by de(‘]» 
barrancas, i: is gneii to man to l>ehold at onet* all the jdants of 
the earth, and all the stars of the iirmament. 'I'liere, at a single 
glance, the beholder sees lofty feathered ])alins, humid forests of 
bamboos, and all the beautiful family of iiiusacea), and, abovti 
these tropic forms, oaks, meddJars, wild roses, and nml>elliferous 
])lants, as in our European homes. There, too, both the celestia! 
hemisjdieres are open to his view, and when night arrives, he 
sees displayed together the constellation of the Southern Cross, the 
Magellanic clouds, and the guiding stars of the Bear, which 
circle round the Arctic Pole. There the diflerent climates of the 
earth, and the veg tahle forms of which they determine the 
succession, are placed one over the other, stage above staae, and 
the laws of the decrement of heat are indelibly written, on the 
rocky walls and rapid slopes of tne Cordilleras, in characters easily 
legible to the intelligent observer. 
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Not only is the torrid zone by the abundance and luxuriance 
of its organic forms most rich in powerful impressions, but i^ pre- 
sents another and greater advantage, in the uniform regularity 
which characterises the succession of its meteorological and organic 
changes. The well marked lines of elevation which separate the 
different forms of vegt^table life, demonstrate in a striking manner 
the same play of general and invariable laws, wliicli govern the 
celestial motions refhicted in terrestrial phenomena. Thus, in tlie 
burning plains wliioh stretch nearly on the level of the sea in these 
regions, we bcjhold in [)rofuMion the families of bananas, of cyea- 
daoeoB, and of j)alms, of which the number of specie's included in the 
Floras'* of the tropical regions, has been so wondcirfully augmented 
by modern botanic? travellers. To those succeed, on the slopes of 
the Cordilleras, in the mountain valh'j^s, and in humid and shaded 
(defts of the rocks, tree-ferns raising their thick eylindrical stems, 
and expanding their delicate foliage, whose lacedike indentations 
are seen projecic'd against the deep azure of the tirmarnc'nt. 
There, too, nourishes tho cinchona, whose fever-ht'aling hark is 
deemed the more salutary, the ofteiier tlio trees are bathed and 
refreslied by the light mists, which form the upj)er surface of the 
lowest stratum of cloud s. 

Immediately uho\'e the region of the forc'sts the' ground is 
covered with white bands of ilow(*ring social jdaiits, small aralias, 
thibaudias, and myrtle-leaved aiidromedas. The alp-ros«? of the 
Andc's, th(3 magnilicjent befaria, forms a ])ur])le girdle round tho 
spiry peaks. On reaching the cold and stormy regions of the 
Paramos, shrubs and herbaceous plants, bearing hirgi' and riphly- 
coloured blossoms, gradually disap])ear, and art* suec('eded by a 
uniform mantle of moiioootyledoiious plants. Q'bis is the grassy 
zone, where vast savannahs clothe the high tablelands and the 
wide slopes of tho Cordilleras, whence they retloet a yellow hue, — • 
savannalis, on which graze llamas and cattle descended from those 
formerly brought from the Old World. Trucliylic rocks next 
appear forcing the turf and rising high into those strata of the 
atmosphere containing a less proportion of carbonic acid, and 
supporting only ]dauts of inferior. organisation, such as the lichens, 
the leoideas, and the many-coloured dust of the lepreria, which 
forms small round patches on the surface of the stone. 

Scattered patches of fresh fallen snow arrest the last feeble 
traces of vegetation, and are succeeded by the region of perpetual 
snow, of which the lower limit is distinctly marked, and undergoes 
but little change, 

* The collection of vegetable productions natural to a country is called 
its /ora, and tliat of Ihe animals indigenous to it its /a ana. 
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The elastic subterranean forces strive, for the most part in 
^ain, to break through the snow-clad domes which crown the 
ridtres of the Cordilleras, but even where these forces have 
actuulJy opened a permanent channel of communication with 
the outer air, cither through crevices or circular craters, they 
rarely send forth currents of lava, eniptinc: more fre<jucnt1y 
ignited scoriae, jets of carbonic acid gas, snlphui-etted hydrogen, 
and" steam.* 

1 71b Animals of the tropics. — A corresponding variety is found 
in the animal kingdom in these regions at the lev<‘l of the sea; 
iij)on the plains which extend over the tropical regions are found 
the >arieties of monkeys, crocodiles, the hoa-constrictor, rattle- 
snake, jagnnrs, and macaws. Higher U]), at a, level rising from 
oOUO to 1()(M)() ieet, at the base of the Andrs, are found the ocelot, 
the strutlieo rea, and the duck. Higher still, the ajx*, the puma, 
and the llama, and, in fine, about the snow-line, hawks, vultures, 
hears, and tlic condor, wdiich rises upon its vast wings above the 
lofty summits of (diimborazo and Aconcagua. 

lyO. The Himalayas are characterised, also, by animals dwell- 
ing in a succession of stages one above the other. Thus, upon 
the plains are found the tiger, the peacock, and the llactrian 
eamel. Higher ui> the hat, the Cashmere goat, and the pheasant, 
and just below the snow-line, the sheep, the yak, the pigeon, th(‘ 
robin, Ac. 

181. The local character of a climate depends on the mean 
temperature of the atmosphere and of the surfaee of the earth. 
And this temperature ilsvlf niu^t depcuid chiefly ou the heat 
imparted to the atm osphere and the earth by the sun. The solar 
ra\s, in passing tbrougli the atmosphere to the earth, impart 
to that ver\ attenuated and transparent fluid an inconsiderable 
quantilv of heat, their chief thermal power being tj.verled ou the 
surface of the earth, which forms the base ui' the atmosphericj 
ocean. 'J’he earth, like all bodies, absorbs a certain proportion of 
the heat thus transmitted to it, and what it fails to absorb it 
reflects exact as a surface would reflect light. The heat which 
it reflects, not entering it, docs not aft'eet its temperature, and it is 
warmed exelu>ively by the portion it absorbs. This portion is so 
considerable, that if it were uniformly diffused over the entire 
surface of the earth, it w'ould be sufficient to dissolve annually a 
shell of ice luf) feet thick covering the entire globe. 

182. Heat received from celestial spaces. — But besides the 
iieat received from the sun, the earth also receives a considerable 
portion of heat from the surrounding firmament, in other words, 

* Humbuldt's Cosmos. Introduction. 
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from the oonntles^ myriads of suns composing the stellar universe 
which are seen nightly sparkling in the heavens ; and this latter 
source of heat difters from that of the sun, inasmuch as all parts 
of the earth are constantly exposed to it night and day, whereas 
they are only exposed to the direct influence of the sun during 
average intervals of twelve hours. 

It nas resulted from the experiments and observations of 
M. Pouillet, that the quantity of heat thus received by the earth 
from the celestial spaces is such, that if it were uniformly dififuscd 
over the suri'ace it would be suflicient to melt a shell of ioe, 
enveloping the earth, 85 feet thick.* 

18.‘i. Why temperature of the earth la not indefinitely 
increased. — It may be asked, therefore, how it happens that if 
the earth receive and absorb an annual quantity of heat so 
enormous, its temperature is not raised to such a j>oint as to be 
incomj>atihle with the continued existence of the organised world 
upon it. It might be ex])ected that the heat absorbed in the 
torrid zone, being transmitted by the process of conduction 
through the solid matter composing the earth to the colder regions 
of the poles, would first dissolve all the ice tliere collected, and 
then gradually raise the temperature of the j)()lar regions, to 
which th<* unimal world would first take refuge fiyiug from the 
scorching region of the trojucs, and wliich would b(‘Conie at the 
saino time the tlieatre of the i)rescnt fiora of the temperate and 
tropical zone's, and later "would be raised to a temperature 
destructive of all organisation. 

Such a catastrophe is prevented, and the thermal condition of the 
globe maiiituined within the necessary limits, by a remarkable pro- 
perty with w hich matter has been endowed by its Maker, in virtue 
of which all bodies possess the quality of thermal radiation, in the 
exact proportion in which they are endow'ed wdth tliat of thermal 
absorption. The heat, therefore, which every ])art of the surface 
%)f the eai'th absorbs from the solar rays, it throw^s back by the 
j)roGess of superficial radiation, and if the atmosphere were every- 
wdujre cloudless, the heat thus radiated back would pass into the 
celestial spaces, and the atmosphere W'ould then, in spite of the 
solar rays ])assiug through it, remain at a very low temperature. 

181. Effbot of clouds. — The existence of clouds, however, 
modifies this. The heat radiated from the surface of the earth is 
in a great degree intiToepted, and prevented from escaping into the 
celestial regions, by the clouds, wliich reflect and radiate it back 
again to the earth through the low^er strata of the atmosphere ; 
and thus tliese thermal rays, being reverberated between the 

* See Tract on Terrestrial Heat, Museum, vol. 3, p. 05, 
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f*lou(is and the surface, warm the lower strata of the atmosphere 
tiirou^h which they are so frequently transmitted. 

185. of oontaot of air and earth. — But the atmosphere 

also rt'oeives heat from the earth, by the contact of its lowest strata 
witli those parts of the terrestrial surface, which have a hifyher 
temperature. When these lowest strata are thus warmed by 
contact, they ascend as heated air does in a chimney, air having a 
lower tempfTature Rowing in to take their i>lace. 

It is by these several means therefore, much more than by the 
direct influence of the sun, that the temi)erature of the atmosphere 
],s maintained and regulated. 

1H(). Thermal cffbots of an imiform surfhoe. — If the whole 
surface of tlie earth consisted" of one homogeneous material, 
whether solid or Huid, and were in one uniform condition, its 
]»ow'ers of rctl»x*tion and absorption, and consequently its power 
of radiation, would be everywhere the same. In that case 
tile th(‘rmal influence of the sun, governed by no other con- 
ditions than those of its altitude and continuance above the 
lamzon, w'ould necessarily be the same at all points of the same 
j)arallel of latitude, since, at all such ])ointH, the sun’s altitude 
and the length of the day are necessarily the same. The equator 
and each j)aralkl of latitude wmuld then be isothermal lines, a 
word which expresses a lino upon the surface of the earth, all 
lK)ints of which have the same mean temperature. Not only 
would the mean temj>eratures of all points on the same parallel be 
the same, hut the extnune tern JH-Tatu res of summer and winter 
would likewise be the same. In other w'ords, all places having 
the same latitude would, under the conditions supposed, have 
identically tlie same climate. They would have the same average 
annual temperature, and would be subject to the same vicissitudes 
of seasons. 

In comj>aring parallel wdth paralhd, the average annual tem- 
perature, as well as the extremes of the seasons, would regularly 
increase with the latitude. 

187. Why this regularity does not prevalL— But the con- 
ditions w hich w^ould produce such climatic phenomena do not exist 
on the terrestrial surface. Instead of consisting of one uniform 
material, that surface is diversified, — first, by land and water; 
and secondly, the land itself is still more diversified in its 
character, according as it is more or less clothed with vegetation, 
and even Avhere it is destitute of vep^tion, it varies according 
to the quality of the rocks or other strata which compose its 
uncovered surface. The reflecting, absorbing, and therefore 
radiating powers of the land, are infinitely diversified. In general 
the foliage of vegetation is a powerful radiator, while the naked 
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soil, or rocks, are comparatively feeble radiators and stronger 
reflectors. The water of the ocean, which covers three-quarters 
of the terrestrial surface, is much more uniform in its thermal 
properties than the land. But even those properties of the ocean 
are modified by the congelation which takes place on so vast a 
scale in the frigid zone. 

All these circiirasianccs combined, and many others which can 
only be fully understood by a more profound study of physical 
geography, render the actual climatic phenomena extremely dif- 
ferent from those which would depend on the latitude alone, and 
which would be devi-loped on a globe the superficial materials of 
which would be uniform. 

The departure of the lines of equal, moan, and extreme tem- 
peratures from the parallels of latitude, has been already ex- 
plained in our Tract upon Terrestrial Heat, and it will not, 
therefore, be necessary to insist further upon them here. 
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MOUNTAINS. 

]SS. Maps, and Globes in Relief. — Elementary instruction in 
^^cography has been hitherto for the most part limited to the 
description of the outlines of land and water. Tiie varieties 
of form depending on relief have been comparatively neglected. 
This has arisen most probably from the difficulty of presenting to 
the student visible representations of such forms. Maps and 
globes, showing in moulded relief the ine<iualitios of the land, 
h!i\e indeed been constructed, and with suitable explanations may 
be found useful to the teacfier and the pupil. Independently, 
bo^^e^e^, of tlieir cost, which is necessarily considerable, they are 
subject to grave objection, owing to the enormous violation of 
projxu'tion between the vertical and tiie horizontal dimensions, 
wliich they must necessarily exhibit. It has been explained else- 
where, tliat the elevation of the most lofty mountain-summits does 
not 1 ‘xe.eecl the IhOOth part of the Earth’s diameter, and conse- 
quently such a summit, if formed in relief in its just proportion 
on a J<)-inoli globe, would be represented by a protuberance not 
exceeding the hundredth part of an inch. All maps and globes, 
therefore, presenting the inequalities of the* land in moulded 
relief, must, in order t<o render them imrceptible at all, give the 
vertical magnitude exorbitantly disproportionate to the horizontal 
dinuuisions. When such illustrations are used for the purpose of 
elementary inslruetioii, the teacher should bo careful to impress 
upon the mind of the pupil this inevitable departure from the 
natural proportions. 

189. Johnston's Physical Maps. — The expediint adopted in 
the physical maps of Mr. A. K. Johnston renders them exempt from 
this objection, although the same vivid illustration of the super- 
lieial inequalities is not presented by them. In thiise the plains, 
valleys, and lowlands are coloured green, the elevated plateaux 
and table-lands brown ; and the mouiitaiu-ridgos and peaks are 
distinguished by obvious marks indicative of their relative alti- 
tudes, the actual lieights being marked in numbers of English 
feet. The sea is also everywhere distinguished from the land by 
its blue colour. Asa physical illustration, these maps are there- 
fore, as 1 conceive, as perfect as the nature of the subject of 
instruction allows. 

190. MountaiUijanges not uniform. — Although each of the 
great continental systems, which have been already described, is 
characterised by a certain prevailing direction, it must not be sup- 
posed that it follows one uniform and unbroken course, or even 
that it consists of a single uninterrupted series. They are, on 
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the contrary, liable to frequent changes of direction, are in many 
places discontinuous, and are subject to still greater irregularity 
in both height and width. 

191. Spurs. — Each main ridge also throws out lateral ramifica- 
tions at various angles with its general direction, called spurs. 
Those are often tlu^mselves considerable chains of mountains, 
throwing oft* secondary spurs parallel to the primary chain, or nearly 
so. These subordinate ranges, intersecting each other at various 
angles, and broken by valleys and ravines, form a reticulation, 
which usually covers a vast extent of country stretcliing out at 
cither side from the base of the principal chain. They decrease 
gradually in their dimensions, both horizontal and vertical, with 
their distance from the parent chain. Every one wlio has visited 
the country on either side of the ranges of the Alps, the Pyrenees, 
or Mount Atlas, will be familiar with these features. 

192. Relief of the Earth’s surfkoe. — Considering the Earth as 
a globe formed of solid matter, subject to superficial ineipialities^ 
and partially covered with water, the land must be reganled 
merely as the more elevated parts rising out of the waters, which, 
according to the common law of gravitation, ari‘ lodged upon the 
lowest levels. 'J’he level ])arts of the land must he e()nsider(‘d as 
plateaux, tahhj-lands, or terraces fornuMl upon vast mountains, 
the bases of which are at the bottom of the Ocean. 

The mountains, in like manner, which rise from the surface of the 
land, must he considered as only the highest peaks of those whose 
bases are estahlisliod upon the bottom of the deep, and the plains 
around them, upon which they rest, as merely terraces or 
plateaux forming steps, as it were, in ascending thiur acclivities. 

In accordance with these views, it is found that systems of 
mountains, whether they form continued chains, detached groups, 
or isolated peaks, seldom have their bases upon a low level. On 
the contrary, the plains upon which they stand are almost 
always plateaux or tablelands at a considerable altitude above 
the level of the sea. The heights of mountain-summits being 
always expressed with relation to the level of the sea, it must 
therefore be remembered, that in estimating heights above the 
general level of the plains on which the mountains stand, it is 
necessary to deduct the heights of such plains from the tabulated 
heights of the mountains. 

That this correction is of importance, will be comprehended 
when it is remembered, that the heights of the tablelands upon 
which the great chains of mountains stand, above the level of the 
sea, varies from 2000 to 12000 feet. Thus, for example, the 
tabulated altitude of Kiinchinjunga, the highest i>eak of the 
Himalayas, and indeed the most lofty point hitherto discovered 
ifie 
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on tlie jrlobe, is 28178 feet ; but the tableland of Thibet, on which 
it stands, has an altitude of about 11000 feet, so that the height of 
the i>cak above the level of tho surrounding plain is only 
17000 feet. 

In like manner, the height of Mont Blanc is 15730 feet, but 
the height of the Lake of Geneva being 1450 feet, and the base 
of Mont Blanc boing several hundred feet more, it follows that 
the summit of Mont Blanc cannot be much more than 13000 feet 
ai)ove the level of its base. 

Fr(»ra the two examples here given, it will be apparent how 
little relation the tabulated heights of mountains sometimes have, 
to the appearance which they would present to an observer. The 
liighest peak of the Himalayas, measured from the level of the 
sea, is nearly double that of Mont Blanc, and is sometimes there- 
fore describ(‘d as being a mountain, such as would be produced 
by j)iling two like Mont Blanc one upon the other. Such an 
illustration, nevertheless, is most inappropriate, as appears from 
what has been just stated, since an observer of Kunchinjuiiga 
must necessarily view it from a station about 1 1000 feet above 
the level of tlu' sea, while an observer of Mont Blanc can view it 
from a stati<»n less than 2000 feet above that level. Mont Blanc 
would, therefore, under these circumstances, have nearly as great 
an apparent height as Kunchinjunga. 

103. Eflbot of the contemplation of mountain goenery.-— 
The more the imagination and understanding are impressed with 
the lofty and massive mountain ranges — as evidences of gr5at ter- 
restrial revolutionii which the globe has undergone at distant epochs 
of its liistory — as the limits of varying climates — as the lines of 
separation forming the watersheds of opposite regions — and in 
tine, as the theatres of peculiar vegetation — the more necessary is 
it to obtain a correct numerical estimate of their actual volume, 
so as to demonstrate the comparative minuteness of their mass 
beside that of the extensive platforms on which they stand. 

194. The Pyrenees. — Take, for example, the chain of the 
Pyrenees, the area of whose base and whose mean elevation have 
been dt'termined with great precision. Let us suppose that this 
entire mountain mass were spread equally over the whole surface 
of France, and let it be required to determine what would be the 
thickness of the stratum which it would then form. Nothing can 
be more simple than such an arithmetical problem, and the result 
of its solution is, that the whole surface of France would he raised 
only 116 feet. 

195. The A]pg.>-ln like manner, if the chain of the Alps were 
levelled, and the material composing it uniformly spread over the 
whole surface of Europe, it would form a stratum only 2 1 J feet thick. 

187 
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196. Average height of continents. — Baron Humboldt^ by an 
elaborate calculation, obtained a pretty exact estimate of the 
average height of the surface of the land, composing the principal 
divisions of the world above the level of the sea. He found 
that the average height of the land in Europe is 670 feet. In 
North America, 748 feet. In Asia, 1132 feet; and in South 
America, 1151 feet. 

These results demonstrate that the land in the southern regions 
is more elevated than in the northern. In Asia the low elevation 
of the extensive plains or steppes of Siberia, is compensated by 
the mountain masses between the parallels of 28^° and 40“ lat., 
extending from the Himalaya to the Kuenlun of Northern Thibet, 
and to the Tianschian or Celestial Mountains. Some idea may be 
formed from these calculations in what parts of the globe the 
action of subterranean platonic forces, as manifested in the 
upheaval of continental masses, has been most intense. 

197. New mountain ranges powible. — “ I'here is no suf- 
ficient reason,” observes Humboldt, ** why we should assume that 
the subterranean forces may not, in ages to come, add new systems 
of mountains to those which already exist, and of w hich Klie de 
Beaumont has studied the directions and relative e]>ochs. Why 
should W'c suppose the crust of the earth to be no longer subject to 
the agency, wdiich lias formed the ridges now perceived on its 
surface? Since Mont Blanc, and Monte Bosa, Sorata, Illimani, 
and Cliimborozo, the colossal summits of the Aljis and the Andes 
are ooftsidcred to be amongst the most recent elevations, we are 
by no means at liberty to assume that the uplu^aving forces have 
been subject to progressive diminution. On the contrary, all 
geological phenomena indicate alternate periods of activity and 
reiH)se ; the quiet wdiich we now enjoy is only apparent ; the 
tremblings which still shake the surface in every latitude, and in 
every species of rock — the progressive elevation of Sweden, and 
the appearance of new islands of eruption — arc far from giving us 
reason to suppose that our planet has reached a period of entire 
and final repose.” 


THE OCEAN. 

198. Greatest depth. — ^While the aerial ocean invests the entire 
surface of the globe, having a depth of from forty to fifty miles, 
the liquid ocean under it, as already explained, covers only about 
three-fourths of the solid surface, being deposited according to the 
laws of gravitation, in the lowest parts. According to the result 
of soundings, already explained, tlie character of the solid surface 
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which it covers is quite analogous to that which rises above its 
surface, being similarly varied by hill and valley, mounUin and 
j)lain. The greatest depth of the ocean is still undiscovered. 
The plumb-line, in one part of the Pacific Ocean, was let down to 
th(? depth of 27000 feet by Sir James Ross without finding bottom, 
it has been generally assumed, as most probable, that the greatest 
depth of the ocean does not dilier much from the greatest tdevation 
of the land above its surface, which being in round numbers live 



miles, would show that the extreme difterence of level of the solid 
surface of tl»e globe dues not exceed ten miles, or about the 800th 
part of its diameter. 

199. Ubcb of the ocean. — The vast collection of water forming 
the ocean ministers in an infinite variety of ways to the main- 
tenance of the organised w^orld, and in none more so than in its 
jiroperty of evaporation. It may be considered in a certain sense 
as a vast apparatus of distillation, by which fresh water is 
supplied in regulated quantity and suitable quality to all parts of 
me land, and in these pnenomena the mountains play a con- 
spicuous part. 

200. General system of evaporation and condensation. —It 

is demonstrated in physics that when an aqueous solution is 
exposed to the atmosphere, the pure water which forms the chief 
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part of it will be converted into vapour at the surface in contact 
with the air ; and the rate of such evaporation^ other things being 
the same, will be proportionate to the extent of the surface, the 
temperature of the air in contact with it, and the superficial 
temperature of the solution. 

The water of the ocean is a solution of certain salts and alkaline 
substances. The evaporation which takes place from its surface 
afiects only the pure water, leaving the saline and other similar 
constituents still dissolved in it. The pure aqueous vapour thus 
taken into the atmosphere, rising to the more elevated strata, is 
transported by atmospheric currents, and attracted by the mountain 
summits and other elevated parts of the land, upon which it is 
precipitated in the form of rain or snow, from which streams flow 
down the declivities, discharging the functions of irrigation, and 
thus contributing to the maintenance of animal and vegetable life 
upon t^e laud. 

201. Climatio efibota. — Independently of the obvious advan- 
tages which the ocean aflbrds, as supplying the means of intercoui- 
munication by commerce between distant purls of the earth, it 
also serves an infinite variety of purposes in the climatic economy 
of the globe. It has been already shown that from the uuilorniily 
of its physical qualities, it has a tendency to equalise and regularise 
climate, so as tt» bring the isothermal lines into closer proximity 
with the ])arallels of latitude. 

202. Ocean currents. — Its liquid properties, liowever, com- 
bined with the effects of tera})erature, render it further sub- 
servient to the general equalisation of the temperatures of the 
extreme zones, moderating the heat of the torrid and the cold of 
the frigid. This is accoiu})lished by the great ocean currents, 
the existence, directions, and limits of which have been ascertained 
by modern navigators. 

These currents are classed as constant, periodical, and variable, 
the two latter classes being determined chiefly by the influence of 
the winds and tides. 

203. Antarctic drift current. — The constant currents which 
are by far the most important, have their origin chiefly in the 
southern frigid zone, from which a vast stream called the antarctic 
drift current^ liours its cold waters first northwards into the 
Pacitio and then eastwaids towards the eastern coast of South 
America. Striking upon the shores of Chili, opposite the island 
of Juan Fernandez, it is diverted to the north, following the coast 
of the South American continent, until it encounters the jutting 
shores of Peru, by which it is turned westward, where it takes 
the name of the equatorial current. 

204. Xti equatorial oounie.—From that point, following the 
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direction of the line westward, and passing among the islands of 
the Indian Archipelago, it traverses the Indian ooean, and sweep- 
ing round the Cape of Good Hope, turns northwards along the west 
coast of Africa, until it encounters the shores of the Gulf of Guinea, 
which again divert it westward, where it resumes the name of the 
equatorial current. Traversing the Atlantic, it arrives at the 
northern coast of South America, and enters the Caribbean Sea 
tlirongh the chain of the West India islands, from which it arrives 
in the Gulf of Mexico, 

205. Gulf stream. — In this long course, after cooling the 
waters of the tropical ocean, its own teuij)eralure is at lengtli 
raised to a high point, and in that thermal state it arrives in the 
Gulf of Mexico. The direction of the eurrent is there changed 
hy the southern coast of North America, and it issues through 
the channel between Cuba and Florida, llowing iiorthw'ard along 
the coast of the United States, and about the doth degree of lati- 
tude turning north-east, it again traverses the Atlantic, dividing 
its course into two branches, one directed between the Hritish Isles 
and Iceland to Spitzbergeu in the Arctic ocean, and the other by 
the Azores and Madeira hack to the coast of Morocco. 

At the point where it issues from tlie Gulf of Mexico, the 
current takes the w^ell-known denomination of the Gulf stream. 
Its temperature, as just stated, is so elevated that its existence 
can readily be determined by navigators by means of the ther- 
mometer. It becomes thus a means of transporting to the regions 
of the nortliern frigid zone a portion of the trojdcal heat, so as to 
produce the e(piahsing e fleet already mentioned. 

206. Course and limits of ooean currents evident. — << Tlie 
currents of the ocean,” observes Humboldt, present a remarkable 
sj>ectacle, maintaining a nearly constant breadth. They cross the 
sea in difl'ereiit directions, like rivers of wliich the adjacent 
undisturbed masses of water form the ])anks. The line of 
demarcation between the parts in motion, and those in repose, is 
most strikingly shown in places where long lands of sea-weeds, 
home onward by tlie current, enable us to estimate its velocity. 
Analogous phenomena are sometimes presented to our notice in 
the lower strata of the atmosphere, when, after a violent storm, 
the path of a limited aerial current may be traced tlirough the 
forest by long lanes of overthrown trees, whilst those on either 
side remain unscathed.” 

207. Ooean rich in animal life.— Although the surface of the 
ocean is less rich in animal and vegetable forms than that of 
continents, yet when its depths are searched, perhaps no other 
portion of our planet presents such fullness of organic life. 
Charles Darwin, in the agreeable journal of his extensive voyages, 
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justly remarks, that our land forests do not harbour so many 
animals as the low wooded regions of the oeean, where the sea- 
weed rooted to shoals, or long branches of fuci detached by the 
force of the waves or currents, and swimming free, upborne by 
air-cells, unfold their delicate foliage. The ap])lioation of the 
microscope still further increases our impression of the profusion 
of organic life which pervades the recesses of the ocean, since 
throughout its mass we find animal existence, and at depths 
exceeding the height of our loftiest mountain chains, the strata 
of water are alive with ])ol3'gastric worms, cyclidiic, and ophry- 
dium. Here swarm countless hosts of minute luminiferous animals, 
mammalia, Crustacea, peridinea, and ciliated nereides, which, 
when attracted to the surface by particular conditions of the 
weather, convert every wave into a crest of light. The abundance 
of these minute creatures, and of the aniiual matter supj)licd by 
their rapid decomposition, is such, that the sea water itself becomes 
a nutritious fluid to many of the larger inhabitants of the oei‘aii. 

208. Moral impressions. — If all this richness and variety of 
animal life, containing some highly organised and beautiful forms, 
is well titted to aflbrd not only an interesting study, but also a 
pleasing excitement to the fancy ; the imagination is yt't more 
deeply moved, by the im])ressions of the boundless and inimeasnr- 
able wliich every sea voyage affords. He who awakened to tlu 
inward exereiso of thought, delights to build up an inner world 
ill his own spirit, tills tlic wide horizon of the open sea with the 
sublime image of the liitinite ; his eye dwells esjH'cially on the 
distant sea lino, where air and water join, and whore stars rise 
and set in ever renewed alternations: in such contemplations 
there mingles as with all human joy, “a breath of sadness and 
of longing.” * 


ilumbolt's Cosmos, pp. 290, 303. 
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nation of their iffects. — 8. Scientific errois in Moore’s Irish melody, 
“Oh, had we some bright little isle.” — 0. Demonstration of tin* 
f)hyRical impossibility of what the poet supposes. — 10. Allusion in 
Moore's Irish melody, “ Thus when the lain] (that lighted,” exj)lained. 
— n. Allusion in M<»orc's melody, “Wlnle gazing on the moon’s 
light.*' — 12. Sliaksj>€are’s allusion to the cricket. — 13. Moore’s 
allusion to the glowworm.- -14. Slmksjjcare on the economy of the 
Itee. — IT). Error of the i>hnise “blind as a beetle.” — Id. Lines from 
(’amidjeU's “ Plea-sures of Hope.” — 17. Error of the allusions to the 
foresight of the ant — Lines from Prior.- -1 8. Veises from the Proverbs. 
— li). Celebrated tlescrijdion of the war-horse in .fob,- -20. Cnmcaning 
language (►f the translation. — 21. Examination of the true meaning 
of the original Hebrew' by Dr. McCaul and Profe.ssor Marks. — 22. 
Intei 7 )retation by [(ie.seniu.^. — 23. Dy EwaM.- -24. Dy Scbultens. — 
2.^. (\>rrect meaning expl.'uned. 

1. In a former Tract we observed, that although tlie illustratious 
and images dra^\^l hy poets from physical phenome na are generally 
just and true, yet this is not always the case. They are some- 
times altogetlier at variance with tlie principles of p)hysics, and 
involve suppositions totally incompatible with the laws of Nature. 
The fable of the Dog and the Shadow, which has been handed 
do^m through so many ages, diffused through so many languages, 
and taught so universally in the nursery and in the school, was 
given as an example of this.* 

It was there stated, that this popular fable involved an optical 
blunder, jnasmucdi as no reflection which could be supposed to 

* S<.e vol. vii., p. 01. 
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proceed from the water, could possibly be such as to make a real 
dog behave itself as the dog of the fable did on that occasion. 
Whether we were fully justified in this condemnation of the 
ancient fable has been called in question, and some of our readers 
think that an image may be reflected from the surface of water, 
under supposable circumstances, with sufficient vividness to justify 
j3^sop, or whoever else was the original author of the fable. 

Instead of stopping here to dispute this point, we shall consult 
the benefit of our readers better by explaining the principles on 
which it depends, and indicating some simple experiments whicli 
we have ourselves tried, and which any of our readers may easily 
repeat. 

2. When light falls upon a plane reflecting surface, the pro- 
portion of the rays which are reflected is found by observation to 
be less and less, the more perpendicularly the rays are incident. 
The actual proportion reflected at different degrees of obliquity, 
was determined by Bouguer, for different substances. The 
results obtained by him in the cases of water and glass are given 
in the following table, where the angle of incidence means the 
angle which the incident ray makes with the perpendicular to the 
reflecting surface'. In the fourth column of the table is given for 
each degree of obliquity the number of rays out of every thousand 
which are reflected, and in the fifth column, the number which 
are absorbed. 

3. Tablv, nJiotrluf/ f/tr propttrfion- of J/ajlit incah’Ut on rejlvcfinu nurfacei^, 
whicli arc rcf/ular/fj reflected at diflercut anrifes of Incidence, 

of llin I I ^ ' 

Si>ediuen ol’rcflcctinL' An^lc of No. of Kays irregularly 


Water 

Glass 



Now it appears from these re.sults, that when a ray falls so 
obliquely upon the surface of water, as to make with the per- 
pendicular to the sui faee an angle of 75®, and, therefore, with the 
surface itself an angle of 15°, nearly a fourth of all the incident 
rays are reflected, lienee it is that the image of the banks of a 
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lake or river, viewed by an obser\'er (fig., page 193,) stationed 
at a considerable distance on tbe opposite side, are very vivid, the 
rays which produce vision in that ease being those which fall with 
great obliquity on the water. 

Since it appears, however, that when the angle of incidence is 
00^, and, therefore, the obliquity 3(f, less than a fifteenth of the 
entire number of incident rays are reflected by the water, the 
image must become fifteen times less vivid. If, therefore, the 
observer approach the opposite bank, as lie may do in a boat, its 
image reflected in the water will be less and less vivid ; or the 
same efiect may bo produced in some cases by taking a more 
elevated position, without changing bis distance. Indeed this 
will give a more accurate result than the former, inasmuch as the 
change of distance of the eye of tbe observer from the point of 
reflection ought strictly to be taken into the account. 

If the observer assume such a position, cither by increasing his 
elevation or by diminishing his distance, that the angle of inci- 
dence shall be reduced to 3(f, and, therefore, the obliquity to 00'*, 
no more than eighteen rays in a thousand will reach the eye ; and 
if the obliciuity be still further diminished, the number of reflected 
rays will be much more inconsiderable. 

Thus, by gradually diminishing the obliquity of the incident 
rays by the change of position of the observer, the reflected 
image, at first vivid, will be gradually more and more faint, until 
at length it will cease to be perceptible. 

4. If a person look down into still water, over the bulwark of 
a vessel, he will not perceive any reflected image of his person ; 
but if he lean over the gunwale of a boat, at a much less dis- 
tance from the surface, he will perceive a faint reflection of his 
jierson under certain circumstances. The cause of this is easily 
explained. 

The image formed by reflection is as far behind the reflecting 
surface as the object is before it, and the intensity of the light 
jirooeeding from such an image decreases in the same proportion 
as the square of its distance from the observer increases. When, 
therefore, the observer looks over the bulwark of a vessel, the 
distance of his face from the surface of the water being, for 
example, 12 feet, the distance of the image formed by reflection is 
24 feet. The obliquity of the pencils which, proceeding from his 
face, are reflected by the water is*very small, the rays being nearly 
perpendicular. Not more, therefore, than about two in every 
hundred of such rays are reflected to his eye, and these diverge 
from an image at 24 feet distance. The intensity of such reflected 
light is, therefore, insufficient to produce a sensible effect on tbe 
retina. 
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When the obEcrvcr, looking over the gunwale of a hoal, is 
within two feet, for example, of the water, the image produced by 
the reflected rays is only four feet distant. The intensity of the 
light is therefore greater, other things being the same, than in 
the former case, in tluj proportion of the square of 4 to the square 
of 24, or what is the same, in the proportion of 36 to 1 . 

6. But besides this, there is another circumstince to be taken 
into account. The rays of the pencils which, diverging from the 
person of the observer, are reflected by the water and received by 
the eye, have a greater obliquity than in the former case, in the 
same proportion nearly as that in which the distance of the observer 
from the surface of the water is diminished, and consequently 
according to the results given in the above table, a much greater 
proj)ortion of those rays will be reflected. On both these accounts 
the image, which was imperceptible from the bulwark of the 
vessel, is often perceiitible from the gunwale of the boat. 

In all such observations, however, there are numerous modify- 
ing conditions which will vary the result in different cases. Thus, 
if the water be clear and transparent, and the bottom strongly 
illuminated, the light reflected from it will often predominate so 
much over the rays which produce the image to the observer, that 
this image will cease to be perceptible. 

6. We have tried some simple ox[K‘riments on this subject, the 
results of which are instructive, and which may be easily repeated 
by any of our readers. 

Fill a basin with water, and place it near an open window, look 
down from a height of five feet vertically above the surface of the 
water. You will not i)erceive any trace of your owm image in the 
water. Descend gradually towards the surface, and when your 
face is at about four feet above it, the faintest conceivable image 
of it will begin to be pi'rceived. On approaching still closer, tlie 
image will be a little, but a very little, more perce})til)Ie, but even 
at tile least distances the reflection 'will be so faint that it can only 
be perceived by concentrating the attention upon it. 

Let the basin be now surrounded 'wdth a sheet or any other 
expedient, by which the light falling from the window upon the 
water sliall be excluded, but so that your face being above the 
edge of the sheet shall be still illuminated. Y'ou will then i)er- 
ceivo your reflected image w ith tolerable distinctness in the water, 
even at a distance of four or live feet above its surface, and this 
distinctness will be increased as the distance of your face above 
the surface of the water is diminished. 

7. The explanation of these eftects is obvious. When the water 
in the basin is exposed to the light of the window, the quantity 
of the light reflected from the bottom of the basin to the eye of 
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the observer predominates so much over the reflected riiys'whioli 
form the image of his face, that this image ceases to be sensible ; 
but when by surrounding the basin with a sheet or cloth, all light 
j>roceeding from the window is excluded, no light arrives at the 
( y(‘ of the observer except the rays which form the image of his 
face, which image is therefore distinctly perceivable. 

The basin of water may also be instructively applied to illus- 
trate experimentally the results consigned to the above table by 
Iiouguer. If it be placed on the floor or table between the observer 
and the window, the observer standing at a considerable distance 
from the basin, the rays proceeding from the window will be 
strongly reflected from the surface, and a vivid image of the 
window will be perceived in the usual inverted position in the 
water. As the observer approaches it, the basin at the same time 
being moved nearer to the window', the obliquity of the incident 
rays to the surface of the water is gradually diminished, and the 
v ividness of the image will be found to decrease in a much more 
rapid proportion, until at length the obliquity is so far diminished 
that the image becomes altogether insensible. 

Whether a reflection under any sujjposablc conditions sufficiently 
vivid to justify the ancient fable of the Dog and the Shadow is 
probable, may be questioned, and w’c do not quarrel with some of 
our readers who affirm this. We admit that the expressions used 
by us in paragraph 18, p. 91, vol. 7, may have been too strong if 
they are understood to imply that in no supposable case could any 
image whatever be perceivable. We think nevertheless that a 
dog, looking into a pond with meat in liis mouth, the surface 
of the pond being necessarily exposed to the broad light of day, 
w’ould not be likely to mistake the exceedingly faint reflection of 
the meat for another and preferable piece of that aliment. 

8. In one of his Irish Melodies, so familiar to all lovers of poetry 
and music, Moore has the following lines — 

“Oil ! had we some bright little isle of our own, 
lu a blue summer ocean far off and alone, 

AVhere a leaf never dies in the still blooming bowers, 

Au<l the bee banquets on through a whole year of flowers ; 

Where the sun loves to pause 
With so fond a delay. 

That the night only draws 
A thin veil o’er the d%y ; 

Where simply to feel that we breathe, that we live, 

Is worth the best joys that life elsewhere can give.” 

Now this is good poetry, but bad science. An “isle ” in which 
“ a leaf never dies,” and in which the flowers bloom through the 
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year, must necessarily be within the tropics : a latitude to which 
the succeeding lines about the **fond delay ” of the sun, and the 
night which only ‘‘draws a thin veil o’er the day,” which pro- 
duces, in other words, only a few liours of twilight, are utterly 
inapplicable. 

9, In tropical latitudes the variation of the length of the day is 
very inconsiderable. It is a little more or a little less than twelve 
hours, and that is all. The night is, consequently, subject to a 
variation similarly limited. Instead therefore of the very long 
days and the very short nights which the poet ascribes to his 
“isle” in the blue summer ocean, there w'ould necessarily be 
nights, the duration of which could never be much less than 
twelve hours in any part of the year. 

But this is not all. Instead of enjoying a constant nocturnal 
twilight, so beautifully described by ^e poet as a veil drawTi over 
the day, the inhabitants of the tropics enjoj^ scarcely any twilight 
at all, being plunged in nocturnal darkness almost immediately 
after sunset. This arises from astronomical causes, which will be 
very easily understood. 

Twilight is juoduced by the reflection of the sun’s light from 
that part of the visible atmosphere upon which the sun continues 
to shine after sunset until its depression below the horizon 
amounts to about Now it is apparent, that the more nearly 
perpendicular to the liorizon the diurnal motion of the sun is, the 
sooner will its orb attain this depression of 18^. In the higher 
latitudes, where the celestial pole is not very far removed from 
the zenith, the sun is carried round in a diurnal circle, making 
a very oblique angle with the horizon; consequently, after it 
sets, its depression below the horizon increases ver}' slow'ly, and 
a long interval elapses before the depression amounts to 18"'. In 
some latitudes at the season of Midsummer it is not so much 
ns 18" even at midnight; and in such places the poi't might very 
truly say, — 

“ The night only draws 
A tliin veil o’er the day.*’’ 

But the latitudes in which this can take place are very differ- 
ent indeed from those in which 

“ a loaf never dies iu the still blooming bowers, 

And the bee banquets on tlirough a whole year of flowers.” 

The distance of the celestial pole from the northern point of 
the horizon being always equal to the latitude of the place, as may 
be seen by reference to our Tract on Latitudes and Longitudes, 
the depression of the sun below the horizon at midnight will be 
found by subtracting the latitude of the place from the sun’s 
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jK)lar distance. Now the sun’s polar distance at Midsummer is 
and in order that its depression at midnight should not 
exceed 18^, the latitude of the place must at least be equal to 
diminished by* 18°, that is, 48i°. 

It follows, therefore, that an entire night of twilight can only 
take place at latitudes higher than 48^°. But to produce the 
effect expressed by the poet, a twilight should be maintained 
much stronger than that characterised by the scientific sense of 
the term. A twilight which would be only a “ thin veil drawn 
over the day,” would be such as can be only witnessed in lati- 
tudes like those of Norway aud Sweden, the northern parts of 
Scotland, the Orkneys, &c. 

In tropical latitudes, on the contrary, the celestial pole has an 
altitude less than 23^^, and the diurnal path of the sun makes 
with the plane of the horizon an angle greater than Gfil”. After 
sunset, the sun therefore descends very rapidly, and the more 
rapidly the nearer the place is to the line. At the line itself the 
sun attains the depression of 18“ in about seventy-two minutes 
after sunset ; and although the twilight in the scientific sense of 
the term would not terminate till then, it comes to a close much 
sooner in tlie poetic sense of the ‘‘ veil drawn o’er the day.” In 
short, an almost sudden darkness succeeds sunset, and, in like 
manner, sunrise succeeds as suddenly to the darkness of night. 

In a word, the poet, in the beautiful lines cited above, has com- 
bined incompatible astronomical and climatological conditions. The 
perpetual summer necessarily infers tropical latitude, while the short 
and twilighted night infers a high, not to say a polar latitude. 

It would, perhaps, be deemed hypercritical to examine how far 
the naturalist would justify the poet iu his allusion to the industry 
of the bee in a tropical climate. The honey-bee, which no doubt 
was the insect alluded to by the jioet, is, for the most part, con- 
fined to ultra-tropical latitudes. Since, however, there arc certain 
6j)ecies of this insect found iu the lower latitudes, it may be 
admitted that the poet has, at least in this point, a locus standL 

Having had the pleasure of the x>ersonal acquaintance of the 
author of the 3Ielodies, I once pointed out to him these scientific 
incompatibilities in his lines. He replied good-humouredly, that 
it was lucky when he wrote the song that such inconsistencies did 
not occur to him ; for, if they had, some pretty thoughts would 
inevitably have been spoiled, since he could not have been brought 
knowingly to take such liberties with the divinities of Astronomy 
and Geography. 

10. The allusion and imagery which Moore loved to seek 
in certain parts of physical science were generally much more 
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consistent witli physical truth, without being less beautiful, than 
that which we have quoted above. 

How happily, for example, did he avail himself of that beautiful 
property of the iris by which it accommodates the eye to greater and 
less degrees of light, enlarging the pupil when the light is faint, 
and contracting it when it is intense. 

The iris, as is well known, is the coloured ring which sur- 
rounds the dark 8i>ot in the middle of tlie eye ; this dark spot 
being not a black substance, but a circular orifice through which 
the light is admitted to the membrane lining the posterior part 
of the internal chamber of the eye. This circular orifice is called 
the pupil, tlie retina being the nervous membrane which pro- 
(liuses the visual perceptions. These, with other particulars of the 
structure of the eye, will be found fully explained in our Tract on 
that subject. 

The iris which surrounds the pupil has a certain ])ower of con- 
traction and expansion, w'hich is produced by the action upon it of 
proper muscles provided for that purpose. 

The quantity of light admitted through the pupil to the retina 
is increased or diminished in the proportion of the area of the 
pupil, which increases and diminishes in proportion to the square 
of its diameter ; a very small variation of wliich therefore pro- 
duces a very considerable proportionate variation of the quantity 
of light admitted. 

If a person, after remaining for some time in a room dimly 
lighted, pass suddenly into one which is strongly illuminated, he 
■will become instantly sensible of pain in the retina, and will 
involuntarily close his eyes. After a short time, however, he will 
be enabled to open them and look around with impunity. 

The cause of this is easily explained. In the dimly lighted 
room the pupil w as widely expanded to collect the largest quantity 
possible of the faint light, so that a sufficient quantity might be 
received by the retina to produce a sensible perception of the 
surrounding objects. On passing into the strongly illuminated 
room the expanded pupil admits so much of the intense light as 
to act painfully on the retina, before there is time for the iris to 
adjust itself so as to contract the aperture of the pupil. After 
a short interval, however, this adjustment is made, and the area 
of the pupil being diminished in the same proportion as the 
intensity of the light to which it is exposed, has been augmented 
in passing from the one room to the other, the action upon the 
retina is proportionally mitigated, so that the eye can regard 
without pain the surrounding objects. 

The reverse of all this takes place when the eye suddenly 
passes from strong to feeble illumination. The pupil contracted 
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when exposed to the strong liglit is not suihciently open to admit 
the rays of feeble light necessary to produce visual perception, 
and for some time the surrounding objects are invisible. When, 
however, the proper muscular apparatus has had time to act upon 
the iris so as to enlarge the pupil, the rays are admitted in greater 
quantity, and the surrounding objects begin to be perceived. 
These phenomena are beautifully expressed by the lines of 
Moore : — 

“ Thus when the lamp that lighted 
The traveller, at first goes out, 

He feels awhile benighted, 

And lingers on in fear and doubt ; 

“ But s<M)u the prosiieet clearing, 

In cloudless starlight on he treads, 

And finds no lamp so cheering 

As that light which Heaven sheds." 

Nevertheless there is point in this which demands some ex- 
planation. It is implied in these lines that the source of nocturnal 
illumination is chiefly, if not exclusively, starlight. This has 
been in a great measure disproved in some memoirs published by 
Aragoin the ‘‘Annuaire du Bureau des Longitudes,” in which he 
shows that there must be some other source of nocturnal illumi- 
nation than that of the stars. On nights, for example, which are 
thickly clouded there is sometimes a stronger light than on those 
in which the firmament is clear and serene. From this and other 
circumstances Arago argues that there must be some power of 
illumination in the clouds or in the atmosphere independently of 
the light which proceeds from the stars. This is a point, however, 
the full development of which would require more space and 
time than we can spare for it on the present occasion. 


11. In another of Moore’s poems we find the following beautiful 
lines : — 

“ While gazing on the moon’s light 

A moment from her smile I turn’d, 

Ti> look at orbs that, more bright, 

In lone and distant glory burn’d. 

But too far 
Each proud star, 

For me to feel its warming flame, 

Much more dear, 

That mild 8i>here, 

Which near our planet smiling came. 

Thus, Mary, be but thou my own ; 

While brighter eyes unhe^ed i)lay. 

I’ll love those moonlight looks alone. 

That hle.ss my home and guide my w ay." 
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This is not only beautiful poetry, but sound astronomy. The 
-distances of the stars are many hundreds of millions of times 
greater than that of the mooD, but their actual splendour is in 
many cases greater than that of the sun. Thus it has been shown 
by calculations made upon observations which appear to admit of 
no doubt, that the star Sirius, commonly called the Dog-star, is a 
•sun 146J times more splendid than that which illuminates our 
system. Its distance, however, is so enormous that the actual 
light which it sheds upon our firmament is less than the five 
thousand millionth part of the sun’s light. 

Anotlier star, which is the principal one in the constel- 
lation of the Centaur, has been ascertained to be a sun whose 
splendour is 2J times greater than that of ours, but owing 
to its enormous distance the light which it sheds in our 
firmament is twenty-two thousand million times less than that 
of the sun.* 

Sir John Herschel compared the light shed by this star from 
our firmament, and found by exact ))hotometric measurement 
that it was 27408 times less than the light of the full moon. 

1 2. Shakspeare imputes to tlie cricket the sense of hearing — 

“ I will tell it softly, young crickets shall not hear lue. 

This was long considered as a scientific blunder on the part of 
the poet, the most eminent naturalists having maintained that 
insects in general have no sense of hearing. Drunelli, an Italian 
naturalist, however, has demonstrated that the cricket at least 
has that sense. Several of these insects, which he shut up in a 
chamber, continued their usual crinking or chirping the whole 
•day except at moments when he alarmed them by suddenly 
knocking at the door. The noise alvrays produced a temporary 
silence on tlieir part. He contrived to imitate their sounds so well 
tliat the whole pai-ty responded in a chorus, but were instantly 
silenced on his knocking at the door. 

He also made the following experiment. He confined a male 
cricket on one side of his garden, while he put a female on the 
other side at liberty. The moment the belle heard the crink of 
her beau she showed no coyness, but immediately made her way 
to him. 

13. The female glowworm, which emits the phosphorescent light, 
familiar to all who have dwelt in w arm climates, remains com- 
j>aratively stationary to await the approach of her mate, attracted 

* Lardner’s Asti-onomy, pj). 749, 752. 
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1o her by the light which she holds out to him, a circumstance of 
w^hich Moore has availed himself with his usual felicity : — 

^ ^ Beautiful as is the light 
The glowworm liangs out to allure 
Her mate to her green bower at night.” 


14. The well-known economy of the bee was never more beauti- 
fully described than by Shakspearc, who puts the following 
comparison into the mouth of the Archbishop of Canterbury : 

“True ! therefore doth Heaven divide 
The state of man in divers functions, 

Setting endeavour in continual motion ; 

To whicli is fixed, as an aim or bntt, 

()}>edieuce : for so work the honey lues ; 

(’reatures that, by a rule in nature, teach 
The net of order to a peopled kingdom. 

They have a king, and otiicerR of sorts : 

Where some, like magistrates, eorrect at home ; 

Others, like merchants, venture trade abroad ; 

Others, like soldiers armed in their stings. 

Make boot upon the summer’s velvet buds ; 

Which pillage they with merry march bring liome 
T< » the tent royal of their emi>eror ! 

Who, busied in his majesty, surveys 
The singing masons building roofs of gold ; 

The civil citizens kneading up the honey ; 

The poor mechanic porters crowding in 
Their heavy burdens at his narrow gate ; 

The sad-eyed justice, with his surly hum. 

Delivering o’er to executors pale 
The lazy yawning drone.” 

Jleunj r., Act. I., Scene 2. 

la. The phrase “ as blind as a beetle,” is as false as it is fami- 
liar. In the rapid flight of this insect in the evenings of summer, 
it often strikes the face of those w^ho walk abroad, and hence is 
erroneously inferred to be blind. 

Collins describes this insect in the wTll-known lines of his 
Ode to Evening : — 

“Now air is hushed, save where 
The beetle winds his small but sullen horn. 

As oft he rises midst the twilight i)ath, 

Against the ]>ilgrim hjme in heedless hum.” 

TJie poet, it will be observed, avoids falling into the popular 
error of imputing blindness to the insect. 
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10. In Campbell^s immortal poem, the Pleasures of Hope, we 
find the following lines : — 

“ Angel of Life ! tliy glittering wings explore 
Earth’s loneliest bounds, and Ocean's wildest shore. 

Lo ! to the wintry winds the pilot yields 
His bark careering o’er unfathoia’d fields; 

Now on Atlantic waves he rides afar, 

Whore Andes, gmut of the western star. 

With meteor standard to the winds unfurl’d, 

Looks from his throne of clouds o’er half the world.” 

Although it is difiicult to assign a limit to the degree of exag- 
geration allowed by the licence of poetry, it is quite clear that 
there is some such limit, and "we apprehend that if these lines, 
so admirable as poetry, bo curiously examined by the light of 
science, they 'will scarcely be considered as falling within such 
limit. 

We arcj to imagine with the poet the genius of the Andes 
enthroned upon the most lofty peak of that chain, looking round 
him at the hemisphere, on the middle of which liis throne rests. 
To behold from such a position ‘‘ half the world,” would be 
a manifest optical impossibility, however eh-vated his seat might 
be. But if his range of view could in any degree aj)proximate to 
half, or even to a quarter of the globe, the exaggeration might 
be allowed to pass. Let us see, however, what would be the 
utmost possible range of view which could be obtained by an 
<djserver placed upon the apex of the most lofty cone of the 
Andes, supposing the surrounding mountains of less elevation not 
to interrupt his general view of the earth’s surface. 

The most lofty peak of the Andes is that of Aconcagua, which 
rises immediately above Valparaiso, overlooking the Pacific Ocean. 
The extreme height of this summit is 23910 feet. Now let us 
see what would be the extreme range of view from such an 
elevation ; and in making this calculation we shall, contrary to 

our custom, introduce its matho- 
matical details, so as to inspire 
our readers with greater confidence 
in the result. Let us suppose the 
semicircle here indicated to repre- 
sent the section of the hemisphere, 
near the middle of which the sum- 
mit of the mountain is placed. 
Let 0 represent the base, and t 
the summit of the mountain. If a line t z be drawn touching 
the earth, the point z will be the limit of the range of "view of 
an observer looking from T in the direction of t z, and the 
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terrestrial arc z o will therefore represent the radius of the 
circle round the observer, which will be seen visible to him. In 
short, it will represent his terrestrial horizon, which the poet 
in the lines quoted assumes to be half the globe. By calculating 
the arc z o, the degree of exaggeration in the poetical illusion wiii 
be rendered apparent. 

The height of the peak of Aconcagua, reduced to geograpliical 
miles, is 3*93o. The length, A z, of the earth’s semi-diameter, 
also expressed in geographical miles, is 3438, and, consequently, 
of the line a t will be 3438 -|- 3*935 = 3441*935. Let tlic ter- 
restrial arc z o be expressed by a, we shall then have 

A z 3438000 

Cos. A = = 

A T 3441935 

To compute the value of a, we shall have, therefore — 

Log. 3438000 = r).53(>305t> 

Log. 344H)35 = 0*53()8021 

I^g. Cos. A = 9*9995038 

A = ‘2^ 44' 18" — 104*3 miles. 

It appeal's, therefore, that the range of view round such an 
observer would be contined wdthin a radius of l(i4 geographical 
miles, whereas “ half the world,” supposing it to be spread out in 
a circle under the eye of the observer, would be measured by u 
radius of 90 X 00, or 5400 miles, so that half the world would he 
measured by a radius more than thirty- two times that whicl; 
would actually limit the view of CampbelPs “ giant of the western 
stai*.” We admit, however, that the tiisk is rather an ungracious 
one, which consists in thus cutting down the splendid imagery of 
Campbell’s poetry to the level of the severe limits of scicntilic 
truth, and if we do so, it is more for the sake of exercising our 
readers in physical enquiry, and habituating them to mathema- 
tical precision, than with any intention of depreciating poetic 
beauties of which we are as sensible as others. 


17. No notion is more prevalent, respecting the insect economy, 
nor more frequently embodied in the imagerj* of poets and in the 
eloquence of moralists, than the industry and foresight imputed 
to the ant : — 

— ‘ ‘ Tell me, why the ant, 

’Midst summer’s plenty, thinks of winter’s want, 

By cuustiint joiimies careful to prepare 
Her stores, ami, bringing home the corny ear, 
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By what instruction does she bite the pi-ain, 

L^t, liid in earth, and taking root again, 

It might elude the foresight of her care ! ” 

PnioK. 

It has been ascertained, however, that these instincts are 
erroneously imputed to the ant. That insect passes the winter in 
a torpid state, and does not lay up any store of provisions. Still 
less does it take any such precautions as those commonly im- 
puted to it, of biting off the ends of the grains which it lays in 
store, to prevent them from germinating. It is supposed that 
this error may have arisen from the insect being observed to 
carry about their young in the pupa state, in which they have 
some resemblance to a grain of corn, and also from their being 
observed to gnaw off the end of the sheath which encloses the 
pupa, in order to liberate the insect, after it has attained its perfect 
state, from its confinement. 

18. The words of Solomon respecting this insect, which occur in 
Proverbs, vi. fi, 7, 8, arc well known : — 

6. Go to the ant, thou sluggard ; consider her way.s and be wist*. 

7. Which liaving no guide, oversee*!*, or ruler, 

8. Provideth her meat in the summer, ntif/ gatlieroth her food in the 
liar vest. 

If the original Hebrew word, which has been here translated by 
the Saxon ant, properly signifies the European insect of that 
name, these 'sersos of Solomon would undoubtedly involve an 
error in zoological history ; but that cannot be affirmed until the 
habits and manners of other species of the insect inhabiting 
warmer climates have been examined and ascertained. For 
although during the cold winters incidental to this climate, the 
ants remaining in a torpid state do not need food, yet in warmer 
regions, where they are probably confined to their nests during 
the rainy season, a store of provisions may be necessary for them. 
This supposition has been to a great extent verified by the dis- 
covery made by Colonel Sykes, at Poonah, in India, of a species of 
ant, which ht' denominates Atfa providvns, which store up the 
seeds of a kind of grass culled panicum^ at the time they are ripe 
in January and February, which they expose on the outside of 
their nests to the sun in the wann season, for the purpose of 
drying them after they have been wetted by the rains of the 
Monsoon. Such measures cannot be explained, except by the 
supposition that these seeds are destined for food, and though 
there is no recorded instance of ants feeding on any vegetable 
substances, except such as arc saccharine, yet, all experience 
proves how constantly in entomology, exceptions to general laws 
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are presented, and there seems to be good reason to believe that 
this is one of them,* 

10. Kv'cry reader who is duly sensible of the Mibliiie^ ])oetry of 
certain parts of the Hebrew Scriptures will be familiar witl/tiu 
following splendid description of the war-horse in the B.>ok ot 
Job, xxxix. 10 : — 

Ilk Hast thou gnon the horse strength ' hast thou clotlied his notk 
witli thniulor ' 

20. (’anst thou luako him afraul as a grassho]>per ' the glory of his 
nostrils i» terrihic. 

21. He paweth in the valley, and rej‘>ic»th in his strength : he goeth 
on to meet the armed men. 

22. He luiK'keth at fear, ami i.s imt atfrighted ; neither tiinieth lie hack 
from the s^^ord. 

23. The quiver rattleth agaiii.^t him, the glitheing spear and the 
shield. 

24. He swalloweth the ground with fu r.'Miu sN and rage ; iu*ither 
believetli he that it is the sound of the trumi>et. 

,'52. He saith among the trumi»ets, Ha, ha : and he smelleth the battle 
afar utf, the thunder of the captains, and tlie shouting. 

20. In reading thc*se verses, one is so dazzled with their sj)lcn- 
dour that it is difficult to submit them to the cold test of pliysical 
truth. Nevertheless, it has always appeared to us, that the 
second member of the tirst verse above quoted is, as translated, 
destitute of all meaning. To clothe an object with thunder would 
be to clothe it with a sound, which obviously is destitute of all 
meaning either literal or metajihorical. It might seem as thougli 
the allusion intended in the original of the passage miglit liave been 
to lightning and not to thunder. One can conceive the waving 
and flashing of the mane of the war-horse fairly enough imaged 
by lightning, especially when considered in connection with the 
roar of the battle-field and “the thunder of the captains,’* so 
finely described in a succeeding verse. If the original Hebrew 
term which has been translated by the word thunder could bear 
the signification of lightning, the objection hero advanced would 
be removed. 

To say that a thing is clothed with a sound reminds one of an 
anecdote to which we have alluded on a former occasion. A 
blind man being asked what idea he had of the colour scarlet, 
replied that ho believed he had a very clear notion of it, for that 
it was just like the sound of a trumpet. 

21. Thinking it highly probable that the blemish which I have 

* Trans. Eut. Soc., Londm. Vel. ii. p. 211, 
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here indicated was attributable to the translators, rather than 
the author, of the book of Job, I have had recourse to the original 
Hebrew ; and desiring on such a point to be supported by higher 
authority than I can myself lay claim to, I requested the aid of 
two eminent Hebraists, Dr. Alexander McCaul, of King’s College, 
and the Rev. Professor Marks, of University College, London, 
both of whom have favoured me with their opinions and sug- 
gestions on the subject ; and, as they do not materially differ, 
there can bo no doubt that their interpretation is substantial!}" 
correct. It appears, as I anticipated, that the translation is 
faulty ; but, on the other hand, the Hebrew word which has been 
translated thunder never means lightning. 

22. Gesenius says that the primitive sense of the term used is 
tremor, or trembling, being derived from the verb Raam, which 
signifies to tremble. In Verse 19, he says, that it has the 
primary sense, tremor, and that it is used poetically for the mane 
of a horse, as in the Greek <p6$rj. Here, however, are his words 
from the Thesaurus : 

<< Tvyn f. 1 , tremor ; poet, pro juba cqui, qufc in equis nobilioribus 
propter cervicis obesitatem contrcmiscit, unde gr. juba, a 
(Job. xxxix. 19.)” 

23. The famous Ewald, the other great authority in Hebrew, 

in his “Poetische llUcher dos Alten-Bundes,” gives the same 
sense, and translates the word by the German Zittern, trembling. 
Both understand the trembling mane, and therefore find no 
allusion to thunder or lightning. The word is by none inter- 
preted lightning^ and cannot have that meaning. The LXX have 
<fi6$ov, tremor, which Gesenius supposes to be equivalent to 
mane. Symmachus has KXayyhv, Theodotion, which 

sense is also given by the Vulgate, Hinnitum. The modems, 
who prefer this sense, take **neck” as poetic for “throat,” or 
explain the thunder of the sound of the long shaking mane. 

24. Schultens translates the word “ tremore alacri,” (witli 
rapid quivering). Parkhurst translates the word thus, “ With 
the shaking mane.” 

25. On the whole, therefore, it appears that the English version 
of the second member of v. 19, chap, xxxix. is incorrect. “ Hast 
thou clotlied his neck with thunder Y ” is not the sense of the 
original Hebrew, which would be correctly rendered thus, “ Hast 
thou clothed his neck with a shaking (or flowing) mane ? ” 
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